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Ultrastructural Effects of Centrifugation 


on Eyes of a Snail, Helix aspersa ' 


CAROL T: REED anp RICHARD M. EAKIN 


Department of Zoology, University of California, Berkeley, California 94720 


(1 Plate) 


INTRODUCTION 


Type I SENSORY CELLS in the eye of a snail, Helix aspersa, 
contain a large number of uniform, spherical, 800A 
vesicles which have been named photic vesicles (EAKIN & 
BRANDENBURGER, 1967, 1970; BRANDENBURGER, 1975). 
The vesicles are believed to transport the photopigment, 
or a precursor thereof, from the basal regions of the sen- 
sory cells, where they are produced by the Golgi apparatus, 
to the distal ends of the cells where the microvilli (pre- 
sumed photoreceptors) are situated. An investigation of 
the effects of centrifugation was undertaken to test the 
mobility of the photic vesicles and other structures in 
the eye. 


MATERIAL anp METHODS 


Eyes from local adult snails (Helix aspersa, Miiller, 1774)’ 
were dissected in cold saline and placed in paraffin molds, 
fitted into centrifuge tubes, so that the lens would be 
directed toward the centrifugal pole. Eyes were spun for 
30 minutes at 1700 x g (3500 rpm) in an International 
Clinical centrifuge placed in a cold box to maintain the 
temperature inside the centrifuge below 25° C or 30 min- 
utes at 0° C in a Beckman Spinco ultracentrifuge at 7600 
x g (10000 rpm) or at 125 000 x g (40 000 rpm). Extirpated 
control eyes were held in saline for the same time and at 
the same temperature. All eyes were prepared for electron 
microscopy (see BRANDENBURGER, 1975, for methods). 


' Supported by grant GM 10292 from the USPHS. 


2 Voucher specimens have been deposited in the Invertebrate 
Zoology Collections of the California Academy of Sciences in 
San Francisco. They have been given the I. Z. Cat. #000955. 


RESULTS 


Eyes centrifuged at 1700 and 7600 x g retained their nor- 
mal morphology. Those spun at 125000 x g exhibited 
elongation, particularly of the lens, along the optic axis. 
Irregularities in the retinal cup, such as buckling, were 
frequently observed. 


Sensory cell type I: (type II does not contain photic 
vesicles, BRANDENBURGER, 1975). Eyes centrifuged for 30 
minutes at 1700 x g showed no discernible displacement 
of cytoplasmic organelles and inclusions. In both experi- 
mental and control eyes the photic vesicles occurred in 
large aggregations, together with beta particles of glyco- 
gen and an occasional mitochondrion, near the nuclei of 
the cells. Small packets of vesicles were found scattered 
throughout the narrow sensory cell columns—the region 
of the cell where there is lateral interdigitation with pig- 
mented supportive cells. Very few photic vesicles were 
observed at the distal (microvillar) ends of the cells. 

After centrifugation of eyes at 7600 x g for 30 minutes 
the masses of photic vesicles still remained intact, and an 
apical movement of them was not observed. There was 
a noticeable displacement, however, of mitochondria and 
endoplasmic reticulum into the apical regions of the sen- 
sory cells. 

Breakup of the masses of photic vesicles was apparent 
in eyes centrifuged at 125000 x g for 30 minutes. The 
extent of disruption of the vesicles varied from one sensory 
cell to another. Most sensory cells contained membrane- 
bounded clusters of vesicles tightly aggregated into a para- 
crystalline pattern. Other groups of vesicles had fused to 
form whorls of membranes, and still others had broken 
down completely into particulate matter (Figure 7). In 
some specimens in which the sensory cell columns were 
not blocked by interdigitating supportive cells large 
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groups of photic vesicles were found distally (Figure 2) 
instead of in their normal perinuclear position. Mito- 
chondria and endoplasmic reticulum also showed a distal 
displacement when centrifuged at this force. 


Supportive cells: In control eyes and those spun at 1700 
x g for 30 minutes the supportive cells appeared normal 
(Figure 3). After centrifugation at 7600 x g for the same 
time, however, their pigment granules were moved to the 
distal halves of the cells, resulting in broadening the cells 
in that region but narrowing them basally. The displace- 
ment of the pigment and the broadening of the cells dis- 
tally resulted in the occlusion of many sensory cell col- 
umns. The same changes were more pronounced in eyes 
centrifuged at 125000 x g (Figure 4). But even at that 
force the retinal cells did not separate from one another. 
Desmosomes, hemidesmosomes, septate junctions, and 
bundles of tonofilaments within the supportive cells ap- 
peared normal. 


DISCUSSION 


EAKIN & BRANDENBURGER (1972) have postulated that the 
photic vesicles are moved from the perinuclear synthetic 
centers to the microvilli by light-induced, rhythmic con- 
tractions of the muscle-containing capsule of the eye of 
Helix aspersa. Centrifugal force, however, does not appear 
to duplicate the natural massaging effect which they be- 
lieved the pulsations would effect upon the photorecep- 
toral cells. At the lowest force used in our experiments, 
1700 x g, there was no discernible dislocation of any cyto- 
plasmic organelle. In eyes spun at 7600 x g mitochondria 
and endoplasmic reticulum were displaced distally, but 
the masses of photic vesicles in the somas of the cells were 
still undisturbed. Only at the highest centrifugal force 
employed, 125000 x g, were the vesicles moved toward 
the microvilli, and then in only those receptoral cells with 
broad columns (i.¢., sensory cells with little lateral inter- 
digitation by neighboring supportive cells). The reason 


THE VELIGER 


Vol. 19; No. 1 


why more receptoral cells did not show displacement of 
the vesicles when spun at 125000 x g was clearly owing 
to the movement of pigment granules in the supportive 
cells which compressed the sensory cell columns so that 
organelles and inclusions in the receptoral cells could not 
be displaced distally. We conclude that the normal cap- 
sular contractions probably move the vesicles and other 
cytoplasmic materials very slowly toward the microvilli 
(in keeping with the general behavior of snails!). 

Although we did not establish the easy movability of 
the photic vesicles by our experiments we learned some 
other lessons. In many cells the tight aggregation of the 
photic vesicles increased the number of regions showing 
paracrystalline patterns. This result supports earlier 
speculation that the paracrystalline organization is simply 
the result of close packing of the vesicles. And we have 
learned that the photic vesicles are fragile and subject to 
breakdown by pressure. In many cells spun at 125000 x 
g whole aggregations of vesicles appeared converted to 
whorls of membranes that remind us of similar structures 
in the eyes of snails maintained in total darkness for several 
months (EAKIN & BRANDENBURGER, 1974). Those mem- 
branous whorls were believed to arise from a breakdown 
of photic vesicles. 

Lastly, we discovered that the eye of Helix aspersa 
maintained its integrity despite strong centrifugation. The 
lens became elongated, of course, being a soft gel. And 
although there was some buckling of the retina at the 
highest force used, there was no separation of cells. The 
resistance to deformation was probably owing to the strong 
desmosomes and septate junctions distally, firm attach- 
ments of the supportive cells to the collagenous capsule 
of the eye by hemidesmosomes, and thick bundles of tono- 
filaments which run like guys lengthwise through the 
pigmented cells. The adaptive value of these structural 
features is easily appreciated by watching under a dis- 
secting microscope a snail extend an optic tentacle by 
hydrostatic pressure or withdraw it into the head by strong 
contractions of a retractor muscle. During these move- 


Explanation of Figures / to 4 


Figure 1: Photic vesicles packed to form paracrystalline patterns 
(1); vesicles in different stages of breakdown (2); whorls of 
membranes believed to come from vesicles (3). Centrifuged at 
125000 x g. x 9000 
Figure 2: Sensory cell showing distal displacement of photic ves- 
icles (PV) ; mitochondria (M) ; and endoplasmic reticulum (ER). 
MV, microvilli; SJ, septate junction; Z, adhering zonule. Centri- 
fuged at 125000 x g. x 7000 


Figure 3: Parts of two pigmented supportive cells bordering a 
sensory column in an uncentrifuged eye. D, distal microvillar ends 
of cells; PV, photic vesicles. x 7000 
Figure 4: Dislocation of pigment granules to distal halves of sup- 
portive cells and narrowing of sensory columns in eye centrifuged at 
125 000 x g. D, distal ends of cells; PV, photic vesicles; TF, tono- 
filaments. Arrows indicate narrow basal part of a supportive cell. 


X 7000 


[REED & EAKIN] Figures 7 to 4 
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ments the eye is probably subjected to stresses, particularly 
in the final moments of extension of the tentacle when the 
eye is pushed to the surface. 
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Two New Species and Five Common or Rare Species 


of the Genus Dermatobranchus from Japan 


(Nudibranchia : Arminoidea : Arminidae) 


KIKUTARO BABA 


Shigigaoka 35, Minami-11-jyo, Sango-cho, Ikoma-gun, Nara-ken, Japan 


(11 Text figures) 


IT Is NOTED HERE that Dermatobranchopsis Baba, 1949 
constitutes an objective synonym of Pleuroleura Bergh, 
1874. The following is a revised synopsis of the classifica- 
tion of the genus Dermatobranchus van Hasselt, 1824 in 
a wide sense into 2 subgenera (see Basa, 1949: 72 - 73, 
US) 8 


(1) Dermatobranchus s. s. 
Type: Dermatobranchus striatus van Hasselt, 1824 
Jaw plates with a masticatory process which is covered with 
several rows of denticles. Radular formula usually .:1-1-1-., 
rarely .:1-.. Animals generally small in size. 

(2) Pleuroleura Bergh, 1874 
= Dermatobranchopsis Baba, 1949 
Type: Pleuroleura ornata Bergh, 1874 
Jaw plates without a masticatory process. No denticles on jaw 
edge. Radular formula .-1-.. Animals generally large in size. 


Up to now there has been reported by Exiot (1913) and 
Basa (1937; 1949) a total of 8 species of the genus 
Dermatobranchus s. |. to occur in Japan. As the principal 
subject of this paper 2 more species, which cover both sub- 
genera of Dermatobranchus s. |., are offered from Japan 
as new to science. In this paper 5 species of Dermato- 
branchus s. |., each being previously known as common 
or rare from our seas, are also described with some sup- 
plementary information on their taxonomic characters. 


1. Dermatobranchus (Dermatobranchus) striatus 
van Hasselt, 1824 


(Japanese name: Otome-umiushi) 


(Figures 1, 2) 


Main Synonymy: ; 
Pleuroleura striata. Exiot, 1913: 41 - 42. — Misaki, Sagami Bay 
Dermatobranchus striatus. Bapa, 1937: 316-317; plt. 2, fig. 
1; text fig. 12. - Tomioka, Amakusa; Seto, Kii; Tateya- 
ma Bay 


Dermatobranchus (Dermatobranchus) striatus. Baba, 1949: 73, 
157 - 158; plt. 29, fig. 109; text fig. 83. - Hayama, Saga- 
mi Bay. BABA, HaAMATANI & Hisal, 1956: 213; plt. 25, figs. 
la-lb (spawning). Ape, 1964: 56-57; plt. 27, fig. 95; 
text fig. 23. - Toyama Bay and vicinity 


Distribution: Pacific coast of middle and southern 
Japan: Tateyama Bay; Sagami Bay; Suruga Bay; Suga- 
shima near Toba, Shima; Seto, Kii; Osaka Bay; the In- 
land Sea of Seto; and Tomioka, Amakusa. Japan Sea 
coast of middle Japan: Sado Island; Toyama Bay; west 
coast of Noto Peninsula; Echizen coast; and Tsuruga Bay. 


Main Material Examined: Six specimens collected by 
SCUBA-divers of the Marine Science Museum, Tokai 
University, from Uchiura coast near Awashima, Suruga 
Bay, May 4, 1972. 


Description: The animals measure 15 to 20mm in 
length. The back is provided with fine longitudinal ridges, 
about 12 in number. The ground colour of the body above 
is pale grayish yellow or fleshy white. The black spots, 
disposed serially along the length of the ridges, are mostly 
defined by a brownish ocellus. The grooves between these 
ridges are more or less shaded dark. On the back there 
is nearly always a semilunar band of blackish pigment 
passing across the level of the anus. The rhinophores are 
orange red above, and colourless below. The underside of 
the body, including the sole, is whitish. 

As a rule, the jaw plates have each a masticatory 
process covered with 5 to 6 rows of denticles. The radular 
formula is 32 * 11-12-1-:1-1-11-12. The central 
tooth is wide with about 10 denticles on either side of the 
median cusp. The first lateral tooth is differentiated, bear- 
ing 6-7 denticles on the edge. The succeeding lateral 
teeth are all smooth. 


Remarks: Dermatobranchus striatus van Hasselt, 1824 
is known to occur in Indonesia (the type locality) and the 
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Figure 1 
Dermatobranchus (Dermatobranchus) striatus van Hasselt, 1824 a — orange red rhinophores b — blackish band 
from Uchiura coast near Awashima, Suruga Bay, Japan c — longitudinal ridges d — grooves between the ridges 
A: Living animal, collected May 4, 1972; dorsal side; length 20mm e — a median black line on the ridge f — black spot 
B: Part of the mantle surface C: An ocellated marking, enlarged g — brownish ocellus h — genital orifices i — nephroproct 
D: The animal from the ventral side j — anus k — marginal pores 1 — pedal groove 
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Figure 2 


Dermatobranchus (Dermatobranchus) striatus van Hasselt, 1824 


A: Right jaw plate X 60 
B: Denticles of the jaw edge X 390 
C: A right halfrow of the radula X 390 


a — jaw edge b — central tooth c — innermost laterals 


d — outermost laterals 


Indian Ocean. The Japanese form of Dermatobranchus, 
which has been referred to striatus since Eviot, 1913, ap- 
pears to differ from the type of the species (cf. van Has- 
SELT, 1824 in Bercy, 1887; Bercy, 1874; and Euiot, 
1903) for the rhinophores which are tinged always with 
orange red, not with black pigment as shown on the rhino- 
phores of the type. A further study on the identification 
of the species, D. striatus, from the type locality and other 
locations of the Indo-Pacific Ocean is to be expected in 
the future. 
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Figure 3 


Dermatobranchus (Dermatobranchus) striatellus Baba, 1949 
from Seto, Kii, Japan 


Living animal, collected June 29, 1964; dorsal side; length 1omm 
a — orange yellow borders b — grooves coloured with indigo black 
c — longitudinal ridges coloured with bluish white 
d —- orange red rhinophores 
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2. Dermatobranchus (Dermatobranchus) striatellus 
Baba, 1949 


(Japanese name: Samejima-otomeumiushi) 


te 


(Figure 3) 


Vue 


Synonymy: 
Dermatobranchus (Dermatobranchus) striatellus Baba, 1949: 
74-75, 158-159; plt. 30, fig. 110; text figs. 85-86. — 
Sagami Bay. Basa, HamaTant « Hisar, 1956: 213; pit. 
25, fig. 2 (spawning). HamatTant, 1967: 124-128; text 
figs. +- 7 (spawning) 


(Kom 


Distribution: Pacific coast of middle Japan: Sagami 
Bay and Seto, Kii. 
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Main Material Examined: One specimen collected by 
me from the intertidal rocky shore of Seto, Kii, June 29, 
1964. During the years from 1941 to 1971, there were 
collections of more specimens from the same location as 
above. 


Description: The animal is about 10mm long. The 
longitudinal ridges on the back, 6 - 7 in number, are ra- 
ther thick relative to those of Dermatobranchus striatus. 
These ridges are simply bluish white, and not marked 
serially with blackish spots as stated in Basa, 1949. The 
grooves between the ridges are indigo black. The head 
veil is white with a broad band of orange yellow on the 
border. The rhinophores are orange red above, and colour- 
less below. The extreme edge of the mantle is tinged 
with orange yellow. The sides and sole are generally bluish 
white. 


3. Dermatobranchus (Dermatobranchus) semistriatus 
Baba, 1949 


(Japanese name: Sagiri-otomeumiushi) 


(Figure 4) 
Synonymy: 


Dermatobranchus (Dermatobranchus) semistriatus Baba, 1949: 
75 - 76, 159; plt. 30, fig. 111; text fig. 87. - Sagami Bay 


(adjacent column =>) 


Figure 4 
Dermatobranchus (Dermatobranchus) semistriatus Baba, 1949 
from Uchiura coast near Awashima, Suruga Bay, Japan 
A: Living animal, collected May 4, 1972; dorsal side; length 20mm 
B: Part of the mantle surface 
C: Ocellated markings, enlarged 
D: The animal from the ventral side 
a — black rhinophores b — orange yellow border 
c — longitudinal ridges d — grooves between the ridges 
e — a median black line on the ridge f — black spot 
g — brownish ocellus h - dark ocellus 
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Distribution: Pacific coast of middle Japan: Sagami 
Bay and Surugu Bay. 


Material Examined: One specimen collected from the 
Uchiura coast near Awashima, Suruga Bay, May 4, 1972. 
Collectors as stated previously. 


Description: The length of the animal is 20mm. The 
longitudinal ridges of the mantle are fine and number 
20 to 25. The ground-colour of the back is pale grayish 
yellow. As in the specimens of Dermatobranchus striatus, 
the black spots, disposed serially along the length of the 
ridges, are often defined by a brownish or dark ocellus. 
The grooves between the ridges are clear. There is a broad 
band of orange yellow on the border of the head veil, but 
it is absent from the mantle edge. The clavus of the rhino- 
phores is black. The sides and sole are whitish with scat- 
tered black spots. 


Remarks: In 1968 Narayanan recorded Dermato- 
branchus semistriatus from the Gulf of Kutch, India. 
This was said to differ from the type of the species in 
details of the configuration of the radular teeth. 


4. Dermatobranchus (Dermatobrancus) primus 
Baba, spec. nov. 


(Japanese name: Kameki-otomeumiush1) 
(Figure 5) 


Holotype: Collected by the Biological Laboratory, Im- 
perial Household, from Kamekisho, Sagami Bay, in 10 
to 12m, on June 11, 1957. 


Description: The animal is about 10mm long. On the 
back there occur longitudinal ridges which are extremely 
fine, and up to 30 in number. According to the coloured 
sketch taken from life by the collector, the mantle above 
is pale yellowish white with ocellated spots disposed on 
the longitudinal ridges. There is no crescentic black band 
as that which occurs in Dermatobranchus striatus. The 
clavus of the rhinophores is black. The head veil is yellow- 
ish white. The sides and sole are also yellowish white 
without markings. 

The jaw edge is armed with 3 to 4 rows of scale-like 
denticles. The radular formula is 20(?) & 22:1-22. The 
central tooth is elongated quadrangular, and provided 
with 5 to 6 denticles on either side of the strong median 
cusp. The first lateral tooth is undifferentiated. All the 
lateral teeth are smooth. 


Remarks: The present new species is closely akin to 
Dermatobranchus walter: (Krause, 1892; Pleuroleura) 
from Spitzbergen (and the neighboring stations) in the 
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Figure 5 


Dermatobranchus (Dermatobranchus) primus Baba, spec. nov. 
from Kamekisho, Sagami Bay, Japan 


A: Living animal, collected June 11, 1957;dorsal side; length 1omm 
B: The animal from the ventral side 

C: Denticles of the jaw edge X 580 

D: A left half-row of the radula X 700 

a — black rhinophores b — longitudinal ridges c — central tooth 

d — innermost laterals e — outermost laterals 


absence of denticulation on all of the lateral teeth of the 
radula. But the latter species is distinguished from the 
former by the possession of pustules set in irregular rows 
on the back, 
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5. Dermatobranchus (Pleuroleura) ornatus (Bergh, 1874) 
(Japanese name: Hana-otomeumiushi) 


(Figures 6, 7) 


Synonymy: 

Pleuroleura ornata Bergh, 1874: 278-285; plt. 25, fig. 3; 
pit. 34, figs. 27-32; plt. 35, figs. 2-29. — Philippines 
(Pandanon). Bercy, 1888: 353; plt. 11, fig. 22 

Dermatobranchus (Dermatobranchopsis) ornatus. Baba, 1949: 
76, 159 - 160; plt. 30, fig. 112; text fig. 88. - Sagami Bay 

Dermatobranchus ornatus. Lim & Cuou, 1970: 135; fig. 1A. 
— Singapore 


Distribution: Philippines and Singapore. Localities of 
this species in Japan are: Sagami Bay; Suruga Bay; Seto, 
Kii; and Tomioka, Amakusa. 


Main Material Examined: Three specimens collected 
from the Uchiura coast near Awashima, Suruga Bay, May 
4, 1972. Collectors as stated previously. 


Description: The present specimens measure 15 to 55 
mm in length. The ground-colour of the body above and 
below is yellowish white. On the back there is a row of 
dark shades on either side of the median line. The trunc- 
ated extremity of the dorsal tubercles is orange. The rhino- 
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Dermatobranchus (Pleuroleura) ornatus (Bergh, 1874) 


Figure 7 


A: Right jaw plate x 15 

B: A right half-row of the radula X 240 

a — jaw edge b - central tooth c — innermost laterals 
d — outermost laterals 
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Figure 6 


Dermatobranchus (Pleuroleura) ornatus (Bergh, 1874) 
from Uchiura coast near Awashima, Suruga Bay, Japan 
A: Living animal, collected May 4, 1972; dorsal side; length 35 mm 
B: The animal from the ventral side 
a — orange borders b — bluish black rhinophores 
c — dorsal tubercles topped with orange 
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phore is bluish black above, and white below. The head 
veil, mantle and foot are each margined with orange. A 
number of black spots are visible on the sides of the body. 

The jaw plates are characterized as described in the 
subgenus Pleuroleura. The radular formula is 30x 30 - 
40-1-30-40. The central tooth is provided with 18 - 20 
denticles on either side of the median cusp. The first 
lateral tooth bears 12 denticles on the outer edge. All the 
succeeding lateral teeth are smooth. 


6. Dermatobranchus (Pleuroleura) nigropunctatus 
Baba, 1949 


(Japanese name: Hosojima-otomeumiushi) 
(Figure 8) 
Synonymy: 


Dermatobranchus (Dermatobranchopsis) nigropunctatus Baba, 
1949: 77, 160- 161; plt. 30, figs. 113 - 114; text fig. 89. 
— Sagami Bay 


Distribution: Pacific coast of middle and southern 
Japan: Sagami Bay; Suruga Bay; and Tomioka, Amakusa. 


Material Examined: One specimen collected from the 
Uchiura coast near Awashima, Suruga Bay, May 4, 1972. 
Collectors as stated previously. 


Description: The length of the animal is 40mm. The 
external body form and colours are approximately as de- 
scribed previously from the type series of the species. The 
mantle margin on either side is markedly undulating. The 
longitudinal ridges on the mantle above are extremely fine, 
wavy, and about 12 in number. The back is olive (yellow- 
ish green) in ground-colour. Both sides of the back are 
covered with a row of dark shades. The longitudinal rid- 
ges show themselves as opaque white lines, which, in turn, 
are accompanied by a large number of black spots. The 
rhinophores are orange yellow above, and whitish below. 
The head veil, spotted with black, bears a broad band of 
orange yellow. The outer edges of the mantle and foot 


(adjacent column —>) 


Figure 8 


Dermatobranchus (Pleuroleura) nigropunctatus Baba, 1949 
from Uchiura coast near Awashima, Suruga Bay, Japan 


A: Living animal, collected May 4, 1972; dorsal side; length 40mm 
B: Part of the mantle surface 
C: The animal from the ventral side 
a — orange yellow borders b — orange yellow rhinophores 
c — longitudinal ridges coloured with opaque white 
d - black spots 
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are also orange yellow. Below the body is as a rule yellow- 
ish white. There occur black spots on the sides of the body. 


7. Dermatobranchus (Pleuroleura) albopunctulatus 
Baba, spec. nov. 


(Japanese name: Awashima-otomeumiushi) 


(Figures 9, 10, 11) 


Distribution: Pacific coast of middle and southern 
Japan: Suruga Bay and Tomioka, Amakusa. 


Type Series: In all, 6 specimens collected from the Uchi- 
ura coast near Awashima, Suruga Bay, June 16, 1971; 
September 15, 1971; November 17, 1971; and May 4, 
1972. Collectors as stated previously. From Tomioka, 
Amakusa, one specimen was collected by me on July 12, 
1936, and another specimen was collected by Dr. T. Habe 
on June 19, 1960. 


Description: The specimens in the type series measure 
from 10 to 60mm in length. The upper surface of the 
mantle is smooth to the naked eye, but under a lens it 
shows a considerably large number (30 to 35) of fine 
ridges running longitudinally. The ground-colour of the 
body above and below is yellowish white. Sometimes there 
occur dark shades on the median parts of the back and 
sole, and on the sides of the body. The longitudinal ridges 
of the mantle themselves are yellowish white. In this spe- 
cles it is particularly striking that the grooves between the 
longitudinal ridges are closely covered with opaque white 
dots. Similar dots occur also on the upper surface of the 
head veil. The rhinophores are bluish black above, and 
white below. The head veil, mantle and foot are bordered 
each with a narrow line of orange. 

The characters of the jaw plate are as those described 
for the subgenus Pleuroleura. The radular formula in one 
specimen of the type series is 35 K 75-80-1-75-80. 
The central tooth is narrowed. It is armed with a series 
of 40 to 45 denticles on either side of the strikingly pro- 
jecting median cusp. The first lateral tooth is not differ- 
entiated from the rest. It bears 10 denticles. The denticles 
on the second lateral tooth number 15, and those on the 
third lateral tcoth are 5 to 6. All succeeding lateral teeth 
are smooth. The radular formulae in the specimens from 
Amakusa were 25 & 40 -50-1-40-50 and 30 x 40-50 
- 1-40 - 50, respectively. 


Remarks: The present new species is most closely allied 
to Dermatobranchus sagamianus Baba, 1949 from Sagami 
Bay in the type of the radular teeth, especially in having 
a greatly projecting median cusp of the central tooth. 
However, it may be separated from D. sagamianus and 
the other species of the subgenus Pleuroleura particularly 


by (1) the possession of a considerably large number 
of fine longitudinal ridges of the mantle surface, and 
(2) the distribution of opaque white dots along the 
grooves between these ridges and on the head veil. I was 
informed by the collectors mentioned previously that the 
specimens of D. albopunctulatus, and also of D. ornatus 


Figure 9 


Dermatobranchus (Pleuroleura) albopunctulatus Baba, spec. nov. 
from Uchiura coast near Awashima, Suruga Bay, Japan 


A: Living animal. collected May 4, 1972; dorsal side; length 60 mm 
B: The animal from the ventral side 
a — orange borders b — bluish black rhinophores 
c — longitudinal ridges 
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Figure 10 


Dermatobranchus (Pleuroleura) albopunctulatus Baba, spec. nov. 


Part of the mantle surface 
a — grooves covered with minute dots of opaque white 
b —- longitudinal ridges 


Figure 11 


Dermatobranchus (Pleuroleura) albopunctulatus Baba, spec. nov. 


A: Left jaw plate i X 15 
B: A right half-row of the radula X 150 
a — central tooth b — innermost laterals c — outermost laterals 
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and D. nigropunctatus, were often found in Suruga Bay 
in association with colonies of some coelenterate gorgoni- 
ans growing in 15 to 30m deep water. 


SUMMARY 


1. It is again suggested (see Basa, 1949: 72-73, 157) to 
classify the genus Dermatobranchus s. |. into 2 subgenera: 
Dermatobranchus s. s. and Pleuroleura Bergh, 1874. 
Dermatobranchopsis Baba, 1949 is withdrawn as an ob- 
jective synonym of Pleuroleura. 

2. Two new species, Dermatobranchus primus and D. 
albopunctulatus, are presented. The types of both species 
occur in Japan. Also 5 species of Dermatobranchus, each 
recorded previously from Japan, are redescribed. 
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Heliacus trochoides: An Indo-West-Pacific Architectonicid 
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INTRODUCTION 


IN CONTRAST TO BENTHIC post-larval architectonicids 
which everywhere are usually scarce, larval architectoni- 
cids are remarkably abundant in tropical plankton. These 
larvae remain planktonic for long periods of time and 
therefore can be transported great distances by near-sur- 
face ocean currents (ROBERTSON, 1964; ScHELTEMA, 1968; 
RoBERTSON, SCHELTEMA & ApAMs, 1970; SCHELTEMA, 
1971a, 1971b). This paper reports an extension of known 
range of Heliacus trochoides (Deshayes, 1830) 6400km 
east from the Marquesas Islands to mainland Ecuador. 
The wide distribution of this species is here believed to be 
due to its larval ecology. 

The Galapagos and other offshore Eastern Pacific is- 
lands have much higher percentages of Indo-West-Pacif- 
ic species in their marine faunas than do the mainland 
American coasts (EMrerson, 1967). No other Western 
Pacific species is known which is recorded in the Eastern 
Pacific only from Ecuador. Heliacus trochoides possibly 
will later be found at some of the offshore islands. So far, 
though, there is no evidence that a breeding population of 
H. trochoides is established in Ecuador or elsewhere in the 
Eastern Pacific. 

Although travel time would be long and most of the 
flow of surface water is in the opposite direction, the 
simplest explanation for the occurrence of Heliacus tro- 
choides in Ecuador is to speculate that one or more veli- 
gers made their way directly from Polynesia in one of the 
two major eastward-flowing ocean currents, viz. the North 
Equatorial Countercurrent or the Cromwell Current (also 
known as the Equatorial Undercurrent). WyrTkt’s (1965) 
charts show that at times between June and December 
the southeastern end of the North Equatorial Counter- 
current reaches the Ecuadorian coast. The Cromwell Cur- 
rent’s maximum velocity is at a depth of about 100m or 


less (probably well within the bathymetric tolerance of 
Heliacus). This current extends no farther east than the 
Galapagos (D. P. Apsott, 1966). However, some of the 
water transported in it reaches the northern Peruvian 
(and Ecuadorian?) coast where it upwells (WyrTKI, 
1963: 339 - 343; Wyrrxt1, 1967: 118, 124). 

The Ecuadorian record of Heliacus trochoides is based 
on a single specimen collected by Mrs. Ford (Twila) 
Bratcher on 27 February 1971 during the Ameripagos 
Expedition. The Heliacus was live-collected under an 
intertidal rock in the sheltered, shallow and warm bay at 
Ayangue (1°59’S; 80°45’W), 27-30km northeast of 
Punta Santa Elena, Salinas and La Libertad. Like other 
species in the genus, H. trochoides is known in the Indo- 
West-Pacific to parasitize zoanthid coelenterates of the 
genus Palythoa (Ropertson, 1967). Mrs. Bratcher did 
not observe any Palythoa or Zoanthus with or close to 
the Ecuadorian Heliacus, but Zoanthus was in the vicinity 
and may have been the host. No other Indo-West-Pacific 
species were collected at Ayangue, and there is no other 
evidence that the fauna of the bay is affected by water 
from Polynesia. Mrs. Bratcher kindly donated the speci- 
men to the Academy of Natural Sciences of Philadelphia, 
where it will remain in alcohol (A 6572). 

The question naturally arises whether the Ecuadorian 
specimen truly is Heliacus trochoides and not some pre- 
viously unknown, closely similar and endemic Eastern 
Pacific homologue. I therefore studied the shell carefully. 


ECUADORIAN SHELL 
(Figures / to 3) 
Description: The thick, pale grey and cream-white 


shell is 11.8mm high and 12.4mm wide, with 5.2 teleo- 
conch whorls. The outline is trochiform, with the spire 
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relatively high and convex in profile. The spire angle 
steadily decreases from about 125° to about 75°, but 
cannot be measured accurately because of the convexity. 
The whorls are very slightly convex. 

The protoconch is medium-sized (0.99mm in immersed 
width), with a fairly wide false umbilicus on the apical 
side, with a corroded surface, and white except for pale 
brown near and on the varix. The protoconch is not visible 
through the narrow teleoconch umbilicus. 

The apical side of the teleoconch comprises 4 spiral 
cords per whorl separated by 3 regularly punctate sulci. 
The first (subsutural) cord is narrower than the other 3, 
and the sulcus below it is the deepest. The lowest (periph- 
eral) apical cord projects slightly more than the others. 
There are regularly spaced and fairly faint axial wrinkles 
on all the cords, and traces of spiral threads. Regularly 
spaced pale grey patches begin on the lower half of the 
second whorl; there are 10-12 patches per whorl; the 
patches on the last whorl are faint. 

The basal side of the teleoconch, which is wholly 
cream-white, comprises 6 spiral cords separated by regu- 
larly punctate sulci. There is a deep and wide sulcus be- 
tween the lowest apical cord and the outer basal cord 
(2. ., Just below the periphery). The second cord from 
the periphery is the narrowest. The periumbilical cord 
has 13 nodes on it. The umbilicus is 2.1mm wide. The 
umbilical wall has on it 1 small spiral cord nearest the 
exterior, and 2 deeper, larger, noded cords. 

The outer lip is concave in profile, prosocline, at an 
angle of 15° to the axis of coiling. The aperture is more 
or less circular, and (except on the columellar wall) 
channeled opposite the cords (especially deeply opposite 
the peripheral and subperipheral cords), and ridged op- 
posite the major sulci. There is a major ridge developed 
over the outer basal (subperipheral) cord high in the 
aperture. Pale amber, smooth periostracum is present 
only on the last part of the last whorl. The operculum is 
multispiral, coiled counterclockwise, pale brownish cream 
and the flanges amber; the pointed apex is eroded away. 

Most of the Indo-West-Pacific shells are smaller, some- 
what more strongly sculptured with axial wrinkles and 
spiral threads, and more pointed apically than the Ecua- 
dorian shell. However, none of these differences is con- 


sistent and there can be no doubt that the Ecuadorian 
specimen is within the range of variation of Heliacus 
trochoides, a highly distinctive species. There is no simi- 
lar or related species with which it could be confused. 


MUSEUM ABBREVIATIONS 
AND SPECIMEN REPRESENTATION 


ANSP - Academy of Natural Sciences of Philadelphia, 
Pennsylvania (13 lots of Heliacus trochoides, 19 spe- 
cimens) 

BMNH - British Museum (Natural History), London 
(8 lots, 16 specimens) 

IrSnB_ - Dautzenberg Collection, Institut royal des Sci- 
ences naturelles de Belgique, Brussels (4 lots) 

MCZ - Museum of Comparative Zoology, Harvard 
University, Cambridge, Massachusetts (7 lots, 18 
specimens ) 

SDSNH - Natural History Museum, San Diego, Cali- 
fornia (1 lot, 2 specimens) 

UMMZ - Museum of Zoology, University of Michigan, 
Ann Arbor (1 specimen) 

USNM - National Museum of Natural History, Smith- 
sonian Institution, Washington, D. C. (9 lots, 16 spe- 
cimens ) 


LOCALITY RECORDS 
(Map) 


SoutH Arrica: Umkomaas; Isipingo (both BMNH) ; 
Durban (E. A. SmirH, 1903: 383, as Solarium trochoides; 
Barnarp, 1963: 162); Umhlali (BARNARD, zbid.). 
Matacasy Repusiic [Madagascar]: bay S side Nosy 
Iranja, 51km SW of Nosy Bé (ANSP). 

MascareEneE Istanps: La Réunion (DesHayEs, 1863: 68, 
as Solarium trochoides) ; Mauritius (Li£Narp, 1877: 30, 
as Solarium trochoides; BMNH). 

SEYCHELLES (IrSnB): Mahé (BMNH); 1.6km NE of 
Anse Etoile, NE Mahé (ANSP). 

Matpive Istanps: NW Gan, Addu Atoll; Imma I., 


Explanation of Figures 7 to 3 


Heliacus trochoides (Deshayes). Ayangue, Ecuador. 


Shell 12.4mm wide. Figure 7: apertural view. Figure 2: apical 
view. Figure 3: basal view. 
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Table 1 


Shallow water marine mollusk species recorded unequivocally by Keen (1971) and herein from the mainland coast of 
tropical West America as well as the Indo-West-Pacific without differentiation into subspecies. The many Indo-West- 
Pacific species occurring at the offshore islands such as Clipperton are excluded, and so also are circumtropical species 
and subspecies and species in the Eastern Pacific such as Cvpraea (Luria) isabellamexicana Stearns, 1893, which are question- 
ably distinct from their homologues in the Indo-West-Pacific. I now consider Heliacus caelatus (Hinds, 1844) subspecific- 
ally distinct in the Eastern Pacific. According to Twila Bratcher (in litt.), the Western Pacific type-locality of Terebra 
crenifera Deshayes, 1859, is in error, and the species is West American. Hence these two species are excluded. Note that 
all 10 species in this table are gastropods and that 5 are conaceans. The Architectonicidae, Cypraeidae and Corallio- 


philidae are known to have long pelagic larval stages. 


‘Taxon 


PROSOBRANCHIA 
ARCHAEOGASTROPODA 
NERITACEA 
TITISCANUDAE 
Titiscania limacina (Bergh, 1875) 
MESOGASTROPODA 
ARCHITECTONICACEA 
ARCHITECTONICIDAE 
Heliacus trochoides (Deshayes, 1830) 
CYPRAEACEA 
CYPRAEIDAE 
C€vpraea (Talostolida) teres pellucens Melvill, 1888 
NEOGASTROPODA 
MURICACEA 
CORALLIOPHILIDAE 
Quoyula madreporarum (Sowerby, 1834) 
CONACEA 
CONIDAE 
Conus (Conus) ebraeus Linnaeus, 1758 
Conus (Lithoconus) tessulatus Born, 1778 
TEREBRIDAE 
Terebra affinis Gray, 1834 
Terebra laevigata Gray. 1834 
TURRIDAE 
Microdaphne trichodes (Dall, 1919) 
OPISTHOBRANCHIA 
NUDIBRANCHIA 
AEOLIDIACEA 
AEOLIDIIDAE 
Spurilla alba (Risbec, 1928) 


Keen page: species no. W. American range 


361: 172 Mexico; Panama 
herein Ecuador 

495: 931 Panama 

546: 1071 Mexico to Panama 
661: 1492 Costa Rica 

667: 1512 Mexico 

670: 1519 Mexico 

680: 1546 Panama 

762: 1848 Mexico to Colombia 
839: — Mexico 


North Male Atoll; Ongu I., North Malosmadulu Atoll 
(all with Palythoa tuberculosa (Esper, 1791), all R. Ro- 
bertson, leg., all ANSP). 

Srt Lanka [Ceylon] (USNM). 

InponeEsIA: 701m [presumably adventitious], N point of 
Kabia I., S of Sulawesi [Celebes} (ScHEPMAN, 1909: 
222, as Torinia trochoides). 

PuiuippInes (UMMZ): Manila, Luzon (Hinps, 1844: 
24, as Solarium dealbatum n. sp., a junior synonym of H. 
trochoides; see Bayer, 1948: 36, as Torinia trochoides). 


Ryukyu Istanps: Okinawa Is. (Kuropa, 1960: 11, as 
H. trochoideus); Amami O Shima [Os(h)ima Osumi] 
(Kuropa, 1928: 82, as H. trochoideus; MCZ, SDSNH; 
USNM). 

Caro.inE Istanps (USNM). 

New Ca.eponia (Crosse, 1859, plt. 14, fig. 2, as Solari- 
um trochoides; Bayer, 1948: 36, as Torinia trochoides; 
ANSP). 

Wa tuts Istanps (IrSnB). 

How anp Istanp (MCZ). 
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Hawauan Istanps (BMNH; IrSnB): Wainiha, Kauai 
(ANSP) ; Pearl Harbor, Oahu (USNM); Kaoio Point, 
Oahu (with Palythoa vestitus (Verrill, 1928), Robertson, 
1967) ; Kaaawa, Oahu (ANSP); Keaukaha, Hilo, Ha- 
waii (USNM). 

Society Istanps (MCZ): Huahine (BMNH); NW 
Motu Fareone, NW Moorea (USNM) ; Tahiti (BMNH) ; 
Atiue, Punaauia, Tahiti (with Palythoa sp., R. Robertson, 
leg., ANSP) ; Mataiea, Tahiti (USNM) ; Taravao, Tahi- 
ti (SaLvaT & Rives, 1975: 265, fig. 49) ; W of Mt. Tahara, 
Mahina, Tahiti (R. Robertson, leg., ANSP). 

Tuamotu Is.tanps: Oneroa I., Raroia (USNM). 
Marguesas Istanps (IrSnB; MCZ): Atuona, Hiva Oa 
(ANSP). 

Ecuapor: Ayangue (Twila Bratcher, ANSP). 


THE VELIGER 


Vol. 19; No. 1 


90°E oP: 


Figure 4 


Museum and literature records of Heliacus trochoides (Deshayes), 
showing its range from South Africa to Ecuador 


It is noteworthy that there are no records from East 
Africa, the Red Sea, the Persian Gulf, Japan (except the 
Ryukyu Islands) and Australia. 

From the above locality records and the Map it can 
be seen that the localities nearest to Ecuador whence Heli- 
acus trochoides is known are the Marquesas, Tuamotu, 
Society and Hawaiian Islands, and also Howland Island. 
Although about 10800km from Ecuador, Howland Is- 
land is nearest the path of the Cromwell Current. 


CONCLUSIONS 


Heliacus trochoides is one of very few tropical Indo-Pacif- 
ic marine organisms occurring (albeit sporadically) on 
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the mainland coast of South America. It is one of 10 
Indo-West-Pacific mollusk species so far known from the 
tropical West American mainland (Table 1). Heliacus 
trochoides ranges about 27300km, about 70% the way 
around the world, from Umkomaas, South Africa (30° 
48’E) to Ayangue, Ecuador (80°45’W), which is the 
widest range of any species in the Architectonicidae. Heli- 
acus trochoides is the only architectonicid in the Eastern 
Pacific with unequivocal Indo-West-Pacific faunal affini- 
ties (RoBERTSON, 1976). 

The most abundant Indo-West-Pacific Heliacus is H. 
variegatus (Gmelin, 1791). This is represented in the 
Eastern Pacific by a homologue, H. bicanaliculatus (Va- 
lenciennes, 1832). It is noteworthy that H. trochordes, 
the first Indo-West-Pacific architectonicid known to have 
crossed Exman’s (1953) East Pacific Barrier, is a much 
scarcer species (see under Museum Abbreviations) lacking 
a homologue (and hence presumably a competitor) in the 
Eastern Pacific. 


It may be remarked that on rare occasions apparent 
novelties among Eastern Pacific marine mollusks may be 
outliers from the Indo-West-Pacific that are already 
known. 
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Contributions to the Biology of Melibe leonina (Gould, 1852) 


(Mollusca : Opisthobranchia ) 


RICHARD A. AJESKA! anp JAMES NYBAKKEN 


Moss Landing Marine Laboratories of the Central California State Universities and Colleges 


Box 223, Moss Landing, California 95039 


(2 Plates; 5 Text figures) 


INTRODUCTION 


Melibe leonina (Gould, 1852) is an unusual nudibranch 
in that it is not a predator of sessile benthic animals but 
rather feeds upon plankton organisms. It occurs from 
Alaska to the Gulf of California (MacFarLanp, 1966) 
and is the only species of the genus found on the Pacific 
coast of North America. 

The literature dealing with Melibe leonina consists 
primarily of descriptions of anatomy and systematics 
(Bercu, 1892, 1904; Heatu, 1917; AcErRsBore, 1919, 
1921, 1923; MacFarianp, 1966). Notes on the natural 
history and ecology of M. leonina were probably first pre- 
sented by AcersBorc (1919) and O’DonocHuE (1921, 
1922), but Hurst (1968) was the first to describe in 
detail the feeding behavior of adult M/. leonina from the 
Puget Sound area. Hurst (op. cit.) found M. leonina 
frequented intertidal Zostera beds in Puget Sound and 
could be collected by hand or by dip net. In Monterey 
Bay, however, M. leonina appears restricted to the sub- 
tidal beds of the kelp Macrocystis integrifolia Bory. In our 
study the nudibranch was found to be restricted to the 
Macrocystis blades in an area extending from the bottom 
to 8m above the bottom. 

The purpose of this study was to investigate certain 
aspects of the ecology of Melibe leonina in the kelp beds 
of Monterey Bay and to compare the results with those 
found by Hurst (1968) for Puget Sound. This study 
covered a period of 20 months (July 1969 to March 1971). 


STUDY AREA 


The field study of Melibe leonina was carried out exclu- 
sively in the extensive kelp beds of Macrocystis integri- 


' Present address: Department of Biology, Hartnell College, 
Salinas, California 


folia which surround Municipal Wharf two of the city of 
Monterey, California (121°53'/18”W; 36°36'24” N) 
(Figure 1). 

Two areas, designated A and B on Figure 1, were the 
actual study sites. Areas A and B differ only with respect 
to depth. The average depth of area A was 10m and B 
12m. All observations were made between the bottom 
and 8m above the bottom. 


San Francisco —2\ 


36° Monterey Bay_%}. 
40° eo 


Breakwater Monterey Bay 


» Monterey 
=} Harbor - 


Figure 1 


Study areas A and B adjacent to Municipal Wharf #2, 
Monterey, California 
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The bottom within the study areas consisted of sandy 
mud with very few projecting solid objects for algal at- 
tachment. Other than Macrocystis integrifolia the only 
other conspicuous macro-algae were an occasional Costa- 
ria costata (Turner) Saunders and Desmarestia munda 
Setchell « Gardner. The M. integrifolia beds near Muni- 
cipal Wharf number two are productive throughout the 
year with a slight dying back of the upper portions of the 
plants during the winter months. However, during the 
study period new growth was always apparent and re- 
placement of spent plants seemed quite regular. This lo- 
cality was well protected from the open ocean. 

An example of the abundance of Macrocystis integri- 
folia may be seen in Figure 2 which is a diagram of a 
randomly chosen 25 square meter quadrat within study 
area A. A similar quadrat was established in study area 
B. The area A quadrat was established April 22, 1970 and 
is representative of both study areas with respect to M. 
integrifolia abundance. The plants within the quadrat 
were counted if they consisted of a holdfast and at least 
one stipe projecting at least 2m above the bottom. 


POPULATION STUDIES 


As has been documented for many nudibranchs, the rela- 
tive abundance of Melibe leonina ranges in any single 


Figure 2 


Abundance of Macrocystis integrifolia in a 25 square meter quadrat 
from study area A. Each dot represents one Afacrocystis integrifolia 
plant 
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locality from extreme abundance to complete absence 
(Swennen, 1961; Mitier, 1962). Rapid appearance 
and disappearance of entire populations of M. leonina 
within study areas A and B happened often throughout 
the study period (Table 1). 

Melibe leonina is a capable swimmer (HEatTuH, 1917; 
AcErRSBoRG, 1919, 1921; Hurst, 1968) and at one time 
this nudibranch was thought to be a pelagic animal. This, 
however, is not true as Hurst (op. cit.) has noted that 
M. leonina is rather reluctant to leave its substratum and 
swims only when repeatedly irritated by tactile stimula- 
tion to the posterior portion of the foot. A similar beha- 
vior pattern was observed in this study. During 50 SCUBA 
hours of field observations by the senior author, M. leoni- 
na was seen freely swimming only rarely, and never during 
daylight hours. 

Since Melibe leonina showed such fluctuations in abun- 
dance it seemed pertinent to ask 3 questions: 1) did 
individuals move freely throughout a population, if so, 
2) where did most of the movement occur, and 3) how 
did entire populations move with such apparent ease? 

To answer the first question 5 Macrocystis integrifolia 
plants in study area A were marked with plastic num- 
bered tags. The Melibe leonina found on these 5 plants 
were then injected with methylene blue dye (Table 2). 
The injections were made, using a Yale 10cc hypodermic 
syringe and 27 gauge needle, into the heart region and 
also into at least one of the larger cerata. The number 
of individuals and their relative sizes were then recorded 
(small = 1 to 30mm; medium = 31 to 80mm; large = 
81 to 120+ mm). 

Prior to field marking, 20 Melibe leonina were injected 
with methylene blue dye in the laboratory, following the 
same procedure described above. The survival rate 3 
weeks after injection was 85%. 

Subsequent sampling at 1-week intervals for a 4-week 
period showed that the marked Melibe leonina did move 
from plant to plant. It is most probable that the move- 
ment took place at night since no swimming M. leonina 
were observed during daylight hours. Only 5 SCUBA 
hours of observation were spent during night time hours, 
and it was at this time that the nudibranch was observed 
swimming freely, but only rarely. 

To determine where the movements within a population 
took place, careful records were kept of the number of 
Melibe leonina at 15 separate stations within study area 
B. Each station represented one Macrocystis integrifolia 
plant, consisting of a holdfast and at least one stipe which 
extended to the surface. The plants were marked with 
numbered plastic tags. 
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Table 1 


Relative abundance and total population estimates of Melibe leonina at 15 stations within area B 


Mean per plant 


Date xb x 
6 VIII 1970 729 48.6 
9 VIII 1970 722 48.1 
15 VIII 1970 726 48.4 
23 VIII 1970 723 48.2 
30 VIII 1970 708 47.2 
10 IX 1970 712 47.4 
15 IX 1970 716 47.7 
4 X 1970 730 48.6 
11 X 1970 713 47.5 
18 X 1970 700 46.6 
1 XI 1970 688 45.8 
8 XI 1970 698 46.5 
22 XI 1970 0 0.0 
29 XI 1970 0 0.0 
13 XII 1970 0 0.0 
29 XII 1970 0 0.0 
101 1971 77 Hall 
2411971 106 7.0 
13 II 1971 126 8.4 
27 II 1971 136 9.0 
18 III 1971 133 8.8 


sum of the individuals on 15 Macrocystis integrifolia plants. 


Standard deviation Range Estimated population© 
s R EE 
44.9 145 21773 
44.8 147 21549 
45.3 141 21683 
44.4 139 21594 
41.6 143 21146 
43.9 137 21235 
44.7 139 21370 
42.3 14] 21773 
42.0 138 21280 
42.4 127 20877 
41.1 122 20518 
41.4 128 20832 
0.0 0 0 
0.0 0 0 
0.0 0 0 
0.0 0 0 
4.2 13 2285 
5.0 14 3136 
4.5 16 3763 
4.9 15 4032 
4.9 15 3942 


©Total population estimated on the basis of 14 Macrocystis integrifolia plants per 25 square meters within an area of 800 square meters. 


Table 2 


Total number of Melibe leonina marked with methylene 
blue dye at five stations in area B 


No. of marked Melibe leonina per Macrocystis integrifolia 


PlantNo. 251111970 21V1970 91IV1970 161V 1970 
a 
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Station number one was established at the outskirts of 
the population with each successive station being nearer 
the center of the population. Station 15 approximated the 
center of the population. The plants were tagged along an 
imaginary line by following a predetermined compass 


heading. 


During a 7 month period the number of Melibe leoni- 
na at each station was counted at least twice a month. The 
results indicated that the greatest amount of movement 
took place at the outer edges, while the more densely 
populated central areas remained relatively stable with 
respect to total number of individuals per plant (Figure 
Ne 
The third question: “how do entire populations move 
about with such apparent ease?” remains unanswered. 
The population present in area B from August 6, 1970 to 
November 11, 1970, in terms of numbers of individuals, 
was the largest of any studied between July 1969 and 
March 1971. The total population covered an estimated 
800 square meters and numbers were estimated, conser- 
vatively, at 20000 individuals (based on data from Table 
1). This group was studied for a 17-week period. Within 
8 days after the last observation period (November 11, 
1970) the entire population disappeared and was never 
again located. There was no evidence of atrophy of indi- 
viduals prior to the disappearance and no indications of 


% of Range 


1234 5 6 7 8 Q 10 ff 12 1914 15 
Station Number 


Figure 3 


Maximum number of Melibe leonina at 15 stations from area B 
expressed as a percent of the range 
(data from August 6, 1970 to November 11, 1970) 


a massive die-off in the wake of the disappearance. There 
is only conjecture as to what happened. 


MATING anp FEEDING POSITIONS 


The feeding behavior of Melibe leonina has been described 
by Hurst (1968) and the mating behavior by AcgErs- 
BorG (1921), both from laboratory observations. Field 
observations in this study showed no apparent differences 
in behavior pattern from that described by the above 
authors. No note has been made until now, however, as 
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to the animal’s physical attitude both during feeding and 
mating. 

While feeding, the adult Melibe leonina holds its cerata 
somewhat erect, the foot is firmly attached to the sub- 
stratum and the body is rather elongated. The oral hood 
at this time reaches the full limit of its expansion (Figure 
7). In successive feeding motions the hood is not always 
cast directly in line with the body, but is extended first to 
one side and then to the other. There is however, no set 
pattern, such as a right-to-left movement. The direction of 
each feeding extension seems to be random, both in the 
laboratory and field. The feeding behavior is not a fixed 
action pattern, for it is most definitely dependent upon 
environmental cues for successful completion. In the lab- 
oratory M. leonina will carry out feeding movements even 
though there is a complete absence of food. 

The mating position differs in many respects from the 
feeding position. While mating, the cerata are pressed 
down laterally along either side of the body, the cirri of 
the oral hood are turned inward and the hood itself is 
pressed close to the substratum (Figure 4). As in most 
nudibranchs copulation occurs in a head-to-tail manner, 
since both the male and female reproductive organs of 
this hermaphroditic animal are located on the right side 
of the body just below and in front of the base of the first 
cera. Mating pairs must remain quiescent, and in the posi- 
tion described above only a minimum effort is needed by 
the animal to maintain its position in the environment. 

A position similar to that of mating has often been ob- 
served in solitary animals both in the laboratory and field, 
which is most probably the resting position. 

Mating seemed restricted to the daylight hours with the 
evening hours devoted to feeding, but juveniles fed actively 
during both daylight and night time hours. 


RESPIRATION RATES 


While observing Melibe leonina in the field and labora- 
tory, it was evident that the young were much more active 
than the adults. This fact has also been mentioned by 
Hurst (1968). Several series of respiration determina- 
tions were conducted to determine if this activity was re- 
flected in higher metabolic rates in the juveniles. 


Explanation of Figures 4 and 10 


Figure 4: Typical position assumed by adult Melibe leonina while 
“resting” or mating 


Figure 10: Characteristic feeding position of juvenile Melibe 
leonina with the hood pressed close against the substratum 
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Figure 5 


Respiration rates of Melibe leonina expressed in microliters of O, 
respired per gram wet weight per hour 


The respiration rate determinations were made on a 
Gilson Differential Respirometer. Standard methods were 
used. The results of these tests are shown in Figure 5 and 
indicate a higher metabolic rate for the juvenile animals 
and a rate decrease with an increase in size. The higher 
metabolic rate in the young is reflected in their feeding 
behavior which is different from that of the adult. 


FEEDING BEHAVIOR anp DIET 


The feeding behavior of Melibe leonina has attracted the 
attention of many investigators (Exiot, 1902; Heatu, 
1917; AcERsBore, 1919, 1921; Hurst, 1968; PurcHon, 
1968). The most definitive work on the feeding behavior 
of adult M. leonina is that of Hurst (of. cit.) in which 
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she describes in detail the nervous and muscular systems 
involved in the feeding process. 

Field observations of Melibe leonina indicated a dif- 
ference between the feeding behavior of the very young 
(less than 25mm) and the larger, more mature animals. 
The mature animals feed, as noted by Hurst (1968), by 
pulling back the oral hood so that it is nearly perpendic- 
ular to the long axis of the body, opening the hood widely 
and thrusting it forward through the water. When con- 
tact is made between any planktonic object and the inner 
surface of the hood, the hood closes medially and the inner 
and outer rows of cirri interlock to prevent the escape of 
any entrapped prey. The hood is then further contracted, 
forcing the water out, simultaneously forcing the prey 
items toward the mouth area where they are ingested. 
This feeding pattern allows the animal to contact a maxi- 
mum volume of water through the sweeping motion of the 
oral hood (Figures 6, 7, 8, and 9). 

The smaller animals (2.5 to 25.0mm) show a quite dif- 
ferent feeding pattern. The oral hood begins the feeding 
cycle nearly parallel to the substratum, or at a maximum 
angle of 45° with respect to the substratum. The hood is 
then extended out directly in front of the body at a 
slight angle to the substratum. As the animal moves for- 
ward, the outstretched hood is brought down against the 
substratum. Once contact is made with the substratum, 
the hood closes medially and the remainder of the pattern 
is identical to that of the adult (Figure 10). 

The latter pattern indicates that the juveniles feed 
directly from the substratum rather than from the sur- 
rounding waters. The Macrocystis integrifolia blades pro- 
vide an ample supply of food throughout most of the year 
in the form of epifaunal crustaceans, primarily harpacti- 
coid copepods, and bivalve spat. 

It appears that the juveniles are unable, with their 
relatively smaller hoods, to encompass a large enough 
volume of water to obtain sufficient food to satisfy their 
energy needs. As a result the young Melibe leonina utilize 
the more concentrated Macrocystis integrifolia-associated 
copepods as their main food source. This method, how- 
ever, required the juveniles to actively seek out their 
prey, unlike the semi-sedentary feeding method of the 
adults. As a consequence the metabolic rate of the young 
is higher than that of the adults. This is borne out by the 
previously noted respiration data. 

To correlate metabolic rate and feeding behavior with 
Melibe leonina’s diet, gut analyses were made to deter- 
mine whether or not the diet of the young differed signifi- 
cantly from that of the adults. The animals used for gut 
analyses were collected from study area B. Thirty-seven 
animals were dissected; the largest was 80mm in length 
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and the smallest was 3.5mm. The diet was broken down 
into 9 categories: planktonic Ostracoda, planktonic Cope- 
poda, Macrocystis integrifolia-associated harpacticoid co- 
pepods, veliger larvae, zoea larvae, megalops larvae, im- 
mature Bivalvia, immature Gastropoda, and Tintinnidae. 

The results show a difference between the diet of the 
young animal and the adults (Figure 11); however, the 
difference is not statistically significant (Spearman rank 
test rs = 0.2; P > 0.1). The immature Melibe leonina 
fed primarily upon the Macrocystis integrifolia-associated 
crustaceans, whereas the adults utilized the surrounding 
waters as their main food resource. The change from a M. 
integrifolia-associated diet to a planktonic diet is depen- 
dent, in part, upon the size of the animal and appears to 
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Figure 11 


Diet composition of three size classes of Melibe leonina 
a= only Macrocystis integrifolia associated copepods 
b = planktonic copepods only 
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take place between a size of 10mm and 25mm. Once the 
animal reaches a size of 25mm, which is roughly equi- 
valent to a weight of 9g, presumably it is large enough to 
begin feeding upon the plankton. 


PREDATION anp DEFENSE MECHANISMS 


There have been no reports of predation on Melibe leoni- 
na in any of the literature. In over 50 SCUBA hours of 
observation only 5 occurrences of predation were noted. 
Three sightings were at night and 2 during daylight. While 
5 instances are certainly not conclusive, it is of interest that 
the observed incidence of predation appears to be very 
low. 

In all 5 cases the predator was the common kelp crab, 
Pugettia producta Randall. In each instance, the crab was 
actively feeding upon a Melibe leonina. 

Two captures by Pugettia producta were observed. In 
each instance the crab merely approached the nudibranch 
and began tearing bits of tissue from the body until the 
nudibranch left the Macrocystis integrifolia blade. When 
that happened, the crab grasped its prey in one chela and 
continued feeding with the other. Pugettia producta 
showed no preference for one part of the body over any 
other. 

Melibe leonina’s main means of defense apparently is 
its ability to secrete a substance odoriferous to man and 
apparently repugnant to some organisms. This secretion 
was first mentioned by AcERsBorc (1921), who referred 
to the glands which secrete this substance as the odorifer- 
ous glands. 

In both study area A and B the most common large in- 
vertebrate, other than Melibe leonina and the kelp crab, 
Pugettia producta, was the sunstar, Pycnopodia heliantho- 
ides Brandt. Since it was often observed attached to Mac- 
rocystis integrifolia plants well up on the stipe, this seastar 
could be a predator on M. leonina. Experiments were car- 
ried out in the field to determine whether or not M. leo- 
nina would be palatable to P helianthordes. 


Explanation of Figures 6 to 9 


Figure 6: Beginning of the feeding movement of the oral hood 
(adult Melibe leonina) 

Figure 7: Forward and downward sweep of the fully expanded 
oral hood during feeding (adult Melibe leonina) 


Figure 8: Oral hood, at the completion of forward movement, 
about to close medially (adult Melibe leonina) 

Figure 9: The oral hood has closed medially and is being drawn 
back to the starting position. At this point the cirri have interlocked 
and water is being forced out of the hood (adult Melibe leonina) 


[Ayeska « NyBAKKEN] Figures 6 to 9 
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Physical contact was made between a large Melibe leo- 
nina and a 43mm Pycnopodia helianthoides. The seastar 
at once began to move away. Repeated stimulation about 
the arms caused them, in the area of contact, to be curled 
upwards and towards the center of the aboral surface as 
P helianthoides retreated. This procedure was repeated 14 
times, with different nudibranchs and seastars each time. 
The results were identical for all trials. 

Next, a large glass stirring rod (6mm diameter) which 
had been passed over the cerata and body of a Melibe 
leonina was used to make contact with a Pycnopodia heli- 
anthoides. The results obtained were the same as reported 
above. This procedure was also repeated 14 times. 

As a control, a glass stirring rod which had not made 
contact with Melibe leonina was used to stimulate Pycno- 
podia helianthoides. This procedure was repeated 14 
times, and although the contact elicited a response from 
the seastar, it was much weaker than the escape response 
described above. 

EpmMunps (1968) has reported pH as low as 1 for 
mantle secretions of certain dorid nudibranchs. Secretions 
such as this would certainly be repugnant to predators. 
Determinations of the pH of the ectodermal secretion of 
Melibe leonina were made using Hydrion pH papers ap- 
plied to the body, hood, and cerata. The pH was between 
6.0 and 6.4, probably not acidic enough to be repugnant 
to other organisms. The repugnatory substance thus ap- 
pears to be some other, at present unknown, material. 


COMMENSALISM 


Two organisms were found attached to the body of Melibe 
leonina. Once a single unidentified decapod megalops 
was seen clinging to the body between the 1* and 2"¢ ceras 
on the right side. 

The polynoid polychaete worm, Halosydna brevisetosa 
Kineberg, was also collected attached to the body, hood, 
and cerata of Melibe leonina. Halosydna brevisetosa is a 
cosmopolitan species which may be free-living or com- 
mensal with other polychaete worms (RicKETTS & CAL- 
vin, 1968). When associated with M. leonina the worm 
was an egg-shell white color and blended fairly well with 
the color of the nudibranch. The polychaete moved with 
ease about the body of M. leonina and did not seem to 
prefer one position over any other. 

Halosydna brevisetosa fed directly upon the fecal mat- 
ter of Melibe leonina and the digestive tract of the poly- 
chaete assumed the same coloration as that of the lower 
digestive tract of the nudibranch. Several laboratory ob- 
servations were made of H. brevisetosa feeding on the 
fecal matter of M. leonina. This was accomplished by 
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starving a M. leonina and its commensal H. brevisetosa 
for 2 or 3 days, then feeding the nudibranch the common 
brine shrimp, Artemia salina. Prior to feeding both diges- 
tive tracts were empty. After feeding upon A. salina the 
digestive tract of the nudibranch took on a dark rust-col- 
ored hue and as digestion proceeded, the digestive tract 
of H. brevisetosa also became a dark rust color. 

When removed from Melibe leonina and placed in a 
3.6] capacity aquarium with another M. leonina, the 
worm assumed its position among the cerata as soon as 
a meeting took place. This procedure was repeated 10 
times. The worm did not appear to home to the nudi- 
branch and all meetings seemed fortuitous. 


DISCUSSION 


Our results suggest that there are important behavioral 
differences between the Puget Sound population of Meli- 
be leonina and that from Monterey Bay. Differences have 
been documented in feeding behavior and habitat occu- 
pation. 

Melibe leonina in the Puget Sound region character- 
istically inhabit Zostera beds in relatively shallow waters 
and feed directly upon Zostera-associated crustaceans, 
such as gammarids and other amphipods (HeEatu, 1917; 
AceErszorc, 1921; O’DonocHueE, 1921). In contrast, in 
Monterey Bay the nudibranch is found subtidally in beds 
of the kelp Macrocystis integrifolia and feeds, in the case 
of the adults, directly from the plankton-filled waters. 
The diet consists of planktonic crustaceans, such as cope- 
pods, ostracods, and various decapod larval stages. 

Even though the Melibe leonina populations of Monte- 
rey Bay and Puget Sound areas have no gross morpho- 
logical differences it seems that the different behavioral 
patterns and substrate occupancy would serve to separate 
M. leonina into 2 distinct geographical groups. 

A more detailed survey of the Puget Sound region is 
needed to determine the exact feeding habits of both 
immature and mature animals before any comparisons can 
be made with the animals of the Monterey Bay region. 

One important question concerning Melibe leonina 
still remains unanswered: “How do entire populations 
move about with such apparent ease?” There would seem 
to be a releasing mechanism which initiates such “mi- 
grations,” for some means of communication is necessary 
to simultaneously cause the movement of the entire popu- 
lation. SWENNEN (1961) and Mizter (1962) described 
similar simultaneous appearances and disappearances of 
several opisthobranch species and offered food availability 
and migration to deeper waters as possible explanations 
for population movements. However, neither of these seem 
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likely as applicable to a sublittoral, plankton-feeding or- 
ganism such as M. leonina. 


SUMMARY anp CONCLUSIONS 


The nudibranch Melibe leonina inhabits shallow-water 
Zostera beds in Puget Sound, but occurs in Monterey Bay 
associated with the kelp Macrocystis integrifolia. 

Melibe leonina is mobile within a population and 
changes its position within the group occasionally. Move- 
ment is usually at night. 

Fluctuations in the number of Melibe leonina per plant 
are greatest at the outskirts of a population and decrease 
as the center of the population is approached. 

Adult Melibe leonina exhibit 2 characteristic positions: 
feeding and mating/resting. The feeding position is char- 
acterized by an erection of the cerata and a “casting” of 
the oral hood in an attempt to capture planktonic prey. 
During feeding the body remains in a fixed position while 
the oral hood performs the feeding movements. 

In the mating and resting position the nudibranch’s 
cerata are pressed close against the body, the oral hood 
is held down against the substratum with the cirri folded 
inwards, and the animal remains stationary. 

Metabolic demands differ between young and adult Me- 
libe leonina. The immature animals, due to a more active 
feeding behavior, have a metabolic rate which is higher 
than that of adults. 

The young feed during daylight and evening hours, 
whereas the adults seemingly feed only during the evening. 

The diet of the young consists mainly of Macrocystis 
integrifolia-associated organisms, while the adults depend 
upon planktonic organisms for the greater part of their 
diet. 

Predation upon Melibe leonina appears restricted to 
the kelp crab, Pugettia producta. No incident involving 
predation by vertebrates, such as fishes, was observed. 

Pycnopodia helianthoides, a potential predator of Me- 
libe leonina, exhibits an escape response which is triggered 
by physical contact with the nudibranch. This is probably 
caused by a secretion of the odoriferous glands which 
cover the epidermis. 
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A commensal relationship between the polynoid poly- 
chaete worm Halosydna brevisetosa and Melibe leonina 
exists in which the worm feeds on the fecal matter of the 
nudibranch. et 
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INTRODUCTION 


PREVIOUS sTUDIES have indicated that among the Neo- 
gastropods there is a similarity in the organization of 
reproductive systems. This has been most clearly shown 
in studies of the families Muricidae, Buccinidae, and 
Nassariidae (FRETTER, 194]; JOHANSSON, 1942, 1947; FRET- 
TER & GRAHAM, 1962; PurcHON, 1968). In addition, there 
are descriptions of the reproductive systems of a few species 
of other Neogastropods from the families Olividae, Tere- 
bradae, Fasciolaridae, Columbellidae, and the Turridae 
(Marcus & Marcus, 1959a, 1960, 1962a, 1962b; RoBINson, 
1960; Situ, 1967). The Panamic region, including the 
Gulf of California, is enriched with a vast assemblage of 
gastropods including many endemic species. To date very 
little work has been done on these species. It is, therefore, 
valuable to study the function of and the phylogenetic 
relationships between reproductive systems of a few Gulf 
species and compare them with those of species in other 
regions of the world. 

The species examined in depth are Acanthina angelica 
I. Oldroyd, 1918 and Columbella fuscata Sowerby, 1832. 
According to KEEN (1971), A. angelica is endemic to the 
Gulf of California. In contrast, C. fuscata occurs through- 
out the Gulfand south to Peru. In addition, 8 other species 
from the Gulf of California and 15 species from other 
regions of the world were examined briefly for comparative 
purposes (Table 1). 


Ie 


Iie 


III. 


IV. 


Table 1 


Additional Species and Their General Localities 


Species 


Muricidae 

. Thats haemastoma (Linnaeus, 1767) 
Thais emarginata (Deshayes, 1835) 
Thats canaliculata (Dulcos, 1832) 

. Ocenebra japonica (Dunker, 1860) 
Urosalpinx cinerea (Say, 1822) 
Acanthina spirata (Blainville, 1832) 

. Ceratostoma foliatum (Gmelin, 1791) 

. Drupa nodulosa (Adams, 1862) 
Trophon truncatus (Strom, 1768) 
Trophon barvicenses (Johnston, 1825) 


woIMmMOmtrmyNOWD 


uccinidae 

Neptunea antigua (Linnaeus, 1758) 
Colus gracilis (da Costa, 1778) 
Pisania janerensis (Philippi, 1848) 
Cantharus dorbignyi (Link, 1807) 


Columbellidae 


DO > 


Locality 


Sado Paulo, Brazil 

California, U.S.A. 
California, U.S.A. 
California, U.S.A. 
California, U.S.A. 
California, U.S.A. 
California, U.S.A. 
Sao Paulo, Brazil 

Millport, Scotland 
Millport, Scotland 


Millport, Scotland 
Millport, Scotland 
Sado Paulo, Brazil 
Sao Paulo, Brazil 


. Columbella strombiformes (Lamarck, 1822) Sonora, Mexico 


A 
B. Anachis nigrofusca (Carpenter) 

C. Anachis coronata (Sowerby, 1832) 

D. Anachis sanfelipensis (Lowe, 1935) 

E. Anachis varia (Sowerby, 1832) 

F. Anachis hilli (Pilsbry and Lowe, 1932) 
G. Parametaria duponti (Kiener, 1849-1850) 
H. Mitrella guttata (Sowerby, 1832) 
Nassariidae 

A. Nassarius incrassatus (Strom, 1768) 


Sonora, Mexico 
Sonora, Mexico 
Sonora, Mexico 
Sonora, Mexico 
Sonora, Mexico 
Sonora, Mexico 
Sonora, Mexico 


Millport, Scotland 
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METHODS anp MATERIALS 


Monthly samples of specimens were collected over a period 
of 2 years from Puerto Pefiasco, Sonora, Mexico. There 
were 10 individuals of each species in each sample. Both 
Acanthina angelica and Columbella fuscata occur in the 
rocky intertidal zone at Station Beach, which is located 
one mile south of Puerto Penasco. 

The snails were then transported alive in styrofoam 
containers to the University of Arizona where they were 
maintained in plastic aquaria for laboratory investigations. 

General descriptions of the genitalia were made after 
careful dissections of both preserved and living material, 
while stained sections of the reproductive tract were ex- 
amined in order to elucidate the components and cellular 
details. The soft parts were removed from their shell with 
the aid of a vise. They were then relaxed in propylene 
phenoxytol (OwEN, 1955) and fixed in Bouin’s fluid. 
Through the use of standard histological techniques, the 
animals were infiltrated with 52.5°C and 56.5°C paraffin 
and sectioned at 19 ym. The sections were stained with 
Kornhouser’s Hemalum and Eosin B. Alcian Blue and 
Mallory’s Trichrome were used for identifying glandular 
parts of the reproductive system. Ciliary current were ob- 
served by using suspended carmine particles in sea water. 

A detailed analysis of the functional aspects of reproduc- 
tion was studied for Columbella fuscata only. The snails 
were periodically observed, and during times of repro- 
ductive activity, both males and females were preserved 
before, during, and after copulation. They were later dis- 
sected and sectioned to determine sperm and egg move- 
ments, site of fertilization, egg capsule formation, and the 
mechanism of sperm ingestion. 

Juveniles of Acanthina angelica and Columbella fuscata 
were also collected to study the development of the genital 
systems. Their shell length was determined by measuring 
with vernier calipers the distance from the top of the spire 
to the tip of the siphonal canal. 


RESULTS 


Because this study concentrates on two species of Neogas- 
tropods, detailed descriptions of their genital systems are 
treated first. The reproductive morphology of the remain- 
ing 23 species is discussed secondarily with a brief account 
of the major structural differences and similarities. 


The Male Duct 


The male ducts of both species are illustrated in Figures 
la, 1b. 
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Acanthina angelica 


Posteriorly, both the testis (te) and the digestive diver- 
ticula share the visceral mass. From the testis the straight 
vas deferens (vd) leads anteriorly, ventral to the intestine 
and passes dorsal to the pericardial cavity. Here it joins 
the prostate gland (pg) in the right posterior region of the 
mantle cavity. Anteriorly, the large curved prostate gland 
runs beneath the hypobranchial gland until it connects 
with the anterior vas deferens. At this point the vas defer- 
ens lies embedded in the body wall and continues anteri- 
orly until it joins the penis (pn), which is situated just 
posterior to the right cephalic tentacle. This system is 
similar to those of Nucella lapillus (Linnaeus, 1758) and 
Ocenebra erinacea (Linnaeus, 1758) described by FRETTER 
(1941), except for the posterior region of the vas deferens 
which is coiled. 

Histologically the entire posterior vas deferens is thin- 
walled and surrounded by a thin layer of connective tissue. 
The lumen is lined with cuboidal ciliated epithelium with 
round, centrally located nuclei. There is no seminal vesicle 
in this species, and at no time even during the breeding 
season was sperm observed in this duct. In Nucella lapil- 
lus, FRETTER (1941) noted that the coiled vas deferens acts 
as a seminal vesicle. The entrance to the prostate gland is 
guarded by a sphincter consisting of circular muscles. The 
lateral lobes of the prostate bulge due to the development 
of glandular tissue. The subepithelial gland cells are in 
the shape of teardrops containing large round nuclei. The 
cytoplasm contains eosinophilic granules and is highly 
vacuolated. These gland cells are arranged in clusters 
where secretions empty into common ducts that lead to the 
lumen of the prostate. The lumen appears as a dorsoven- 
tral slit which is lined with ciliated columnar epithelium. 
The epithelial cells contain basal oval nuclei and lie on a 
basement membrane. Interspersed regularly between these 
epithelial cells are the ducts leading from clusters of sub- 
epithelial gland cells. The entire prostate is held together 
by a thin layer of connective tissue. In addition, the epi- 
thelium lining the lumen merges ventrally as a double 
row of cells, which is the result of fusion of the duct from 
an originally open groove. The prostate is fused through- 
out its length except for a posterior region of about 450 
pm. The unfused region appears as a slit-like aperture 
which is in communication with the posterior region of 
the mantle cavity. This differs from Littorina littorea 
(Linnaeus, 1758), L. obtusata (Linnaeus, 1758) and L. 
rudis (Maton, 1797) in which the prostate is composed of 
two glandular lobes and is open throughout its entire 
length (Linke, 1933). 

Anterior to the prostate the vas deferens is highly mus- 
cular and the lumen is lined with ciliated cuboidal epi- 
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Figure 1 


Male Ducts: a@:-Acanthina angelica; b:-—Columbella fuscata 
dv - diverticulum omc-— opening to the mantle cavity 


thelium. The line of fusion is evident throughout the 
anterior vas deferens and the penial duct (pd). The penis 
is flattened dersoventrally with the penial duct appearing 
as a straight canal just dorsal of center. The histology of 
the penial duct is similar to that of the vas deferens. In 
cross section the penis appears as a complex network of 
longitudinal and circular muscle fibers loosely arranged 
around haemal sinuses. The surface is lined with ciliated 
columnar epithelium interspersed by ducts leading from 
subepithelial mucous cells. 


Columbella fuscata 


The genital system of Columbella fuscata differs mark- 
edly from that of Acanthina angelica in several respects. 
The upper vas deferens is highly convoluted and acts as 
a seminal vesicle (sv). This seminal vesicle is divided into 
two regions. When examined, the posterior half appears 
white due to the presence of stored sperm. The anterior 
region is yellowish brown, and it is in this area that sperm 
are apparently resorbed. The walls of the seminal vesicle 
are quite thin and appear rather rigid when filled with 
sperm. The vesicle is lined with ciliated cuboidal epithe- 
lium resting on a basement membrane below which is a 
thin layer of connective tissue. The epithelial cells con- 


pg — prostate gland pn — penis 
te — testis vd — vas deferens 


pd — penial duct 
sv — seminal vesicle 


tain large round basal nuclei and distal yellowish brown 
inclusions which may be the products of sperm resorption. 
Anteriorly, the seminal vesicle straightens out for a short 
distance until it reaches the posterior region of the mantle 
cavity, where it becomes the true vas deferens. It passes 
anteriorly and parallel to the rectum, where in this region 
it bends upward and runs along the body wall until it joins 
the base of the penis. There is no prostate gland in C. fus- 
cata. A study by Marcus & Marcus (1962b) on Brazilian 
columbellids revealed the absence of a prostate in Anachis 
veleda (Duclos, 1846), A. brasiliana (von Martens, 1897), 
A. sparsa (Reeve, 1859), and Nitidella dichroa (Orbigny, 
1842). A sphincter is present between the seminal vesicle 
and vas deferens, which controls entry of sperm into the 
latter. The epithelial cells lining the vas deferens are not 
as strongly ciliated as those of the seminal vesicle. How- 
ever, the vas deferens is extremely muscular and assumes 
an ejaculatory function. As shown in Figure 1b, the vas 
deferens ventrally gives rise to a long, thin-walled diver- 
ticulum (dv), which passes ventrally and parallel to the 
duct. A sphincter guards the entrance between the vas 
deferens and the diverticulum. The posterior region of 
the diverticulum is open to the mantle cavity by a ventral 
slit 450 um in length. On several occasions sperm masses 
(sp) were observed escaping through this opening (Figure 
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11). The function of this opening will be discussed later. 
No line of fusion is evident as in the case of Acanthina 
angelica. 

The penis, while dorsoventrally flattened, is much 
longer than that of Acanthina angelica. Moreover, it is 
wide at the base and then tapers to a point. The penial 
duct is centrally located and appears as a convoluted tube 
which opens at the tip of the penis. In resting males, the 
penis is curved back along the right side of the body wall. 
When the mantle edge is pulled back. one can see that the 
tip is tucked in a pouch in the posterior mantle wall. This 
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has been observed in other columbellids (MARcus & Mar- 
cus, 1962b). 
The Female Duct 


Female ducts of both species are presented in Figures 
2a, 2b. 


Acanthina angelica 


The genital duct of this species is similar to that of Nu- 
cella lapillus described by FRETTER (1941). The ovary (0a) 


Figure 2 


Female Ducts: a@:-Acanthina angelica; b:-—Columbella fuscata 
ag — albumin gland bc — bursa copulatrix cg — capsule gland 
go — genital opening gop — gonopericardial duct h — heart 


oa — ovary ov — oviduct 
sr — seminal receptacle 
ve — vestibule 


ig — ingesting gland 
pe — pericardial cavity 
ve — ventral channel 


Explanation of Figures 11, 12 


Figure 71: Section through the opening to the mantle cavity in a 
male Columbella fuscata: dv — diverticulum; omc — opening 
into the mantle cavity; sp — sperm escaping through the opening 
Figure 12: Section through the pericardial cavity of Columbella 
fuscata: sp - sperm; h — heart 
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and the digestive diverticula share the upper whorls of the 
visceral mass. From the ovary the thin-walled oviduct (ov) 
leads anteriorly and ventrally along the right side of the 
viscera. Upon dissection, it appears as a large blood vessel 
just below the integument. In the region of the kidney it 
approaches the albumin gland (ag), which doubles back 
on itself, thereby making a sharp angle with the oviduct. 
The albumin gland then opens into the capsule gland (cg), 
which is divided into right and left glandular lobes. These 
lobes are joined together by dorsal and ventral sutures and 
covered with a thin layer of connective tissue. Lying be- 
tween the albumin and capsule glands is a deep brown, 
highly diverticulated glandular mass, the ingesting gland 
(ig). A duct from this gland opens into the posterior region 
of the capsule gland. The capsule gland continues forward 
and ventral to the anal gland, where it leads to a vestibule. 
Anterior and ventral to the vestibule is a blind muscular 
sac, the bursa copulatrix (bc), which receives sperm from 
the male. The bursa and vestibule join to form the short 
ciliated vagina that leads to the genital opening (go) proxi- 
mal to the anus. 

The oviduct is thin-walled and lined with a single layer 
of ciliated cuboidal epithelium resting on a basement 
membrane. As it approaches the albumin gland, the ovi- 
duct becomes heavily laden with circular muscle cells, 
which act as a sphincter controlling the entrance to the 
albumin gland. 

When the shell is removed from a living specimen, the 
albumin gland can be seen as a white opaque mass lying 
dorsal and just posterior to the pericardial cavity. Inter- 
nally it is ciliated throughout, with the lumen containing 
transparent secretory droplets. Sections reveal a circular 
gland with a ciliated dorsoventral lumen. There are two 
major staining regions in this gland. The right side of the 
gland is composed chiefly of mucous cells which stain 
bright blue, while the left half is made up of groups of 
subepithelial gland cells that stain pink with Eosin B. The 
latter cells are oval with large round nuclei and have ducts 
which open into the lumen between the epithelial cells. 
A short duct connects the albumin gland to the posterior 
region of the capsule gland. Transverse sections reveal 
two lobes of equal size with the lumen appearing as a 
dorsoventral slit. The lumen is ciliated throughout. Run- 
ning the length of the gland are two longitudinal flaps of 
ussue, which form the roof of the ventral channel. The 
left flap is more developed and lies over the right one, 
thereby possibly closing off the ventral channel and mak- 
ing it a functionally separate duct. 

The subepithelial gland cells are teardrop shaped and 
have a long thin duct which opens into the lumen between 
the epithelial cells. Anteriorly the capsule gland is com- 
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posed of mucous cells, which are scattered around the ven- 
tral channel and extend throughout both lobes. This con- 
figuration continues throughout the anterior one-fourth 
of the gland, until it is replaced by two other cell types. 
Cells around the ventral channel stain dark purple with 
Kornhouser’s Hemalum, while the cells in the medial re- 
gion of the gland stain pink with Eosin B. Mucous cells 
are limited to the dorsal region. About one-half way 
through the gland, the purple cells extend into the medial 
regions, leaving only a thin strip of pink staining cells in 
this area. Finally. in the posterior quarter, the purple 
staining cells occupy the ventral and medial regions, while 
mucous cells are scattered throughout the dorsal region. 

The ciliated ventral channel (vc) passes ventrally from 
the bursa copulatrix, extends posteriorly through the cap- 
sule gland and joins the duct to the ingesting gland. This 
duct is without cilia and functions as a seminal receptacle 
(sr). Here spermatozoa are neatly aligned, with their heads 
embedded in the epithelium, and their tails projecting 
into the lumen. The ingesting gland is a sac composed of 
many blind tubules, lined with glandular epithelium, 
which break down and metabolize the sperm (FRETTER, 
1941). The bursa copulatrix, which comprises the anterior 
end of the capsule gland, is covered by a layer of circular 
muscle cells and lined with ciliated columnar epithelium 
lying on a basement membrane. This anterior bursa re- 
ceives sperm deposited by the male. 


Columbella fuscata 


The female system of this species is quite different from 
that of Acanthina angelica. The bright yellow ovary lies 
on the outer surface of the visceral mass and is separated 
from the digestive gland by a thin layer of connective tis- 
sue. The ovary consists of many acini which collectively 
funnel into the upper end of the oviduct. The individual 
acinus is lined with various cell types, including epithelial 
cells, secretory cells, and primordial sex cells. Oogenesis 
occurs in a developmental gradient from the periphery to 
the center of the acinus. The mature ovum is attached by 
a peduncle to a peripheral nurse cell, and pink staining 
yolk granules and other secretory droplets fill the lumen 
of the acinus. The long, transparent oviduct runs along 
the ventral edge of the ovary and passes down the right 
side of the viscera. Ventral to the kidney it opens into the 
capsule gland. There is no albumin gland in this species. 
The entrance to the posterior region of the capsule gland 
is guarded by a sphincter muscle. The oviduct is thin- 
walled and lined with cuboidal ciliated epithelium. 

In the living animal, the capsule gland is an opaque, 
creamy white, glandular mass. In reproductively active in- 
dividuals this gland will attain a thickness of about 2mm 


Page 32 


and a length of 5mm. It is ciliated throughout, and in cross 
section the lumen appears as a dorsoventral slit with short 
diverticula extending into the lobes. The ventral channel, 
extending the length of the gland, has fewer cilia which, 
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Table 2 
Cell Types in the Capsule Gland of Columbella fuscata 
I Mixed mucous and pink staining eosinophilic cells 
II Mucous cells that stain with Alcian Blue 
II Basophilic cells that stain purple with Hemalum 
IV Neutrophilic cells that stain maroon in color 
Vv Metachromic cells that stain dark blue 
VI Eosinophilic cells that stain pink with Eosin B 
VI 
VI 
(f) 
I 
a b c 
IV ' 
il 
Il 
ig 
IV IV 
d e f 


II 
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however, are longer than those lining the lumen. This chan- 
nel is similar to that of Nassarius reticulatus (Linnaeus, 
1758) described by FretTeR (1941). Since the staining 
regions of the capsule gland are complex, they are listed 
in Table 2 and their distribution is illustrated in Figure 3. 
The posterior region of the gland is largely composed of 
mucous cells and protein secreting cells, while the remain- 
der consists of a complicated interrelationship of protein, 
mucus, and mucoprotein secreting cells. Figure 4 is a view 
of the capsule gland dissected along the mid-dorsal line 
exposing the ciliary tracts. It can be seen that the gland is 
subdivided into three functional regions based upon the 
predominant direction of the currents. Posteriorly in re- 
gion A, the cilia beat in a cyclic manner, while in regions 
B and C the currents are directed obliquely towards and 
away from the ventral channel. The distribution of the 


Figure 4 


Ciliary Currents in the Capsule Gland of Columbella fuscata: 
A, B, and C - ciliary regions ov — oviduct 


(< adjacent column) 


Figure 3 
Sections through Various Regions of the Capsule Gland 
in Columbella fuscata showing the differential staining patterns: 
a through k — sections from posterior to anterior end of gland; 
I — mixed mucous and eosinophilic cells II — mucous cells 
III — basophilic cells IV — neutrophilic cells V — meta- 
chromic cells | VI — eosinophilic cells 


Vol. 19; No. 1 


THE VELIGER 


Table 3 


Relationship of Ciliary Tracts to Staining Regions in the Capsule Gland of Columbella fuscata 


Thickness Staining 
Region (micra) Pattern? 
A 400 a.b.c 
B 1950 d.e 
Cc 2100 fea hewieniek: 
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Cell Type Secretion 
LE Wal mucous and protein 
IW INO LY mucous and muco-proteins 
MEMEO EINE AMY muco-proteins 


2From Figure 3. 


staining areas in relation to the ciliary tracts is shown in 
Table 3. 

Posteriorly. the ventral channel gives rise to two open- 
ings. The posterior opening leads to the oviduct, while the 
anterior one opens into the convoluted gonopericardial 
duct (gop). This latter is quite large and can be easily re- 
moved from the living animal. When extended it reaches 
a length of 3mm and measures about 70 ym across. It is 
surrounded by a thin layer of circular muscle cells and 
lined with cuboidal ciliated epithelium, the cilia of which 
beat towards the pericardial cavity (pc). The opening into 
the cavity is guarded by a thick sphincter. The pericardial 
wall is ciliated on the left side and glandular on the right. 
The pericardial cavity is the site for sperm ingestion, 
which is discussed below. 

The lumen of the capsule gland can be traced anteri- 
orly where it empties into the deeply folded vestibule (ve). 
It is large and bulges into the mantle cavity when occu- 
pied by newly formed egg capsules. There is no muscula- 
ture and the entire structure is surrounded by a thin layer 
of connective tissue. A short ciliated vagina connects the 
vestibule with the external genital opening. Histologically 
the vagina and vestibule are similar. In spawning females, 
a ciliated groove can be traced from the genital opening 
down to the region of the ventral pedal gland in the foot. 


Reproductive Systems of Additional Species 


The gross anatomies of the species discussed below are 
illustrated in Figures 5, 6. 


MURICIDAE 


In males the vas deferens can either be convoluted as in 
Thais emarginata, T. canaliculata, T. haemastoma, Tro- 
phon barvicensis, Urosalpinx cinerea, and Ocenebra ja- 
ponica; or more or less straight as in Drupa nodulosa, 


Trophon truncatus, Acanthina spirata, and Ceratostoma 
foliatum. The upper end of the convoluted vas deferens 
acts as a seminal vesicle. Openings from the vas deferens 
into the mantle cavity in Trophon truncatus, Acanthina 
spirata, and Ceratostoma foliatum occur by means of a 
small ciliated duct located just posterior to the prostate 
gland. In these species there is also a sphincter located an- 
terior to the seminal vesicle. 

The prostate glands are typical of those described by 
FRETTER (1941) for Ocenebra erinacea. In Thais canalicu- 
lata and Trophon barvicensis the posterior region is not 
fused, and there is communication to the mantle cavity 
by a ventral slit. 

No functional gonopericardial duct occurs in the males 
examined. There is, however, a remnant ofa duct in Acan- 
thina spirata. Histologically it appears as a thin strand of 
connective tissue (ct) joining the pericardial wall to the 
vas deferens. 

All of the species have a penis which is flattened dorso- 
ventrally. The penial ducts are either centrally located or 
off to one side as in Thais emarginata, T. canaliculata, and 
T. haemastoma. This agrees with the findings of FRETTER 
(1941) for Nucella lapillus and Ocenebra erinacea. How- 
ever, in O. japonica the penial duct is centrally located. In 
Trophon truncatus and Trophon barvicensis the penial 
duct is highly convoluted, and the anterior vas deferens 
runs for only a short distance before joining the prostate 
gland. This duct is much longer in the other species. 

In females the vagina is a generally ciliated, muscular, 
and sometimes glandular tube running parallel to the rec- 
tum. This organ is, however, reduced to a small cavity in 
Thais emarginata, T. canaliculata, T. haemastoma, and 
Drupa nodulosa. This condition is also found in Nucella 
lapillus (FRETTER, 1941). The morphology of the bursa 
copulatrix is highly variable, and its location varies de- 
pending upon the species. It has the appearance of a bul- 
bous sac just anterior and ventral to the capsule gland in 
Thais emarginata, Acanthina spirata and Urosalpinx cine- 
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Figure 5 


The Male Ducts 


a — Thais emarginata b — Thais canaliculata c — Thais 
haemastoma d — Drupa nodulosa e — Trophon truncatus 
f - Trophon barvicensis g@ — Acanthina spirata h - O- 
cenebra japonica i — Urosalpinx cinerea j — Cerato- 


stoma foliatum k - Colus gracilis 
gua m —- Cantharus dorbignyi 


l — Neptunea anti- 
n — Pisania janierensis 
te — testis 


rea, as opposed to being dorsally located in Thais canalicu- 
lata and Drupa nodulosa. In T. emarginata, sperm can be 
seen attached to the bursal wall. The bursa is quite large 


o — Nassarius incrassatus q - Co- 
lumbella strombiformes r — Anachis coronata s — An- 
achis nigrofusca t — Anachis sanfelipensis u — Anachis 
varia ct — connective tissue omc — opening to the 
mantle cavity pe — pericardial cavity pd — penial duct 


pg - prostate gland pn — penis sv — seminal vesicle 


fp - Mitrella guttata 


vd — vas deferens 


in T. haemastoma, while that of Trophon barvicenses is 
reduced to a small vesicle just posterior to the vagina. 
The capsule glands are remarkably similar among the 


Vol. 19; No. 1 


THE VELIGER 


Page 35 


: cg = go 
omc 8 : i > 
\ 
p 
ov sr be . 


a 


b pe 


c 
\ on be 
d 


Figure 6 


The Female Ducts 


a — Thais emarginata b — Thais canaliculata c — Thais 
haemastoma d — Drupa nodulosa e — Trophon truncatus 
f - Trophon barvicensis g — Acanthina spirata h - O- 
cenebra japonica i — Urosalpinx cinerea j — Cerato- 
stoma foliatum k — Colus gracilis l — Neptunea anti- 
gua m — Cantharus dorbignyi n — Pisania janierensis 
o — Nassarius incrassatus pb - Mitrella guttata q — Co- 
lumbella strombiformes r — Parametaria duponti s — An- 


achis coronata t — Anachis hilli 
ca v — Anachis sanfelipensis 
ag — albumin gland be — bursa copulatrix 


u — Anachis nigrofus- 
w — Anachis varia 
cg — capsule 


gland ct — connective tissue gop — gonopericardial 
duct go — genital opening ig — ingesting gland 
0a — ovary ome — opening to the mantle cavity ov — 


oviduct pe — pericardial cavity st — seminal receptacle 
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several species with the lumen appearing as a ciliated dor- 
soventral slit. The ventral channel in Acanthina spirata is 
almost a closed duct. There is no connecting duct, but only 
a slight constriction separating the albumin and capsule 
glands in Ocenebra japonica and Urosalpinx cinerea. In 
contrast, a duct joins the two glands in the other species. 
In Thais emarginata, T. canaliculata, T. haemastoma, and 
Ceratostoma foliatum, the albumin gland is doubled back 
on itself like a hairpin. 

Thais emarginata, T. canaliculata,T. haemastoma, Uro- 
salpinx cinerea, Drupa nodulosa, Acanthina spirata, and 
Ceratostoma foliatum have an ingesting gland. The ducts 
to these glands originate from the posterior region of the 
capsule gland. The lumina of the glands are composed of 
numerous blind diverticula containing masses of sperm. 
Sperm ingestion was observed in Thais emarginata, T. 
canaliculata and U. cinerea. Ocenebra japonica, Trophon 
truncatus and T. barvicenses do not have an ingesting 
gland. 

The duct to the ingesting gland in Thais canaliculata 
is modified as a seminal receptacle. Although no sperm 
ingestion was observed in Trophon truncatus and Tro- 
phon barvicenses, similar ducts arise from the posterior 
region of the capsule gland which end in glandular ves- 
icles. In Tr. barvicenses sperm heads can be seen attached 
to the epithelial walls of the vesicle. Hence, these regions 
serve as areas for sperm storage. The seminal receptacle 
in Drupa nodulosa and Thais haemastoma is separate and 
lies posterior to the ingesting gland. It consists of a con- 
voluted duct ending in a small bulb that is embedded 
within the nephridium. The ventral channels in Th. 
emarginata and Urosalpinx cinerea give rise to elongated 
sacs for sperm storage. In T. emarginata the sac lies to the 
left of the ventral channel, and in U. cinerea it lies to the 
right. It can be seen as a bulging ridge along the right side 
of the capsule gland in the living animal. In both species 
this sac is open to the ventral channel throughout its en- 
tire length, until it reaches the posterior region of the 
gland. In this area it fuses into a duct that crosses over to 
the opposite side and opens into the ingesting gland. 
Spermatozoa within these sacs are neatly arranged with 
their heads attached to the epithelium, and their tails ex- 
tending into the lumen. No seminal receptacles have been 
observed in Ocenebra japonica, Ceratostoma foliatum, 
and Acanthina spirata. 

Both Thais haemastoma and Drupa nodulosa have a 
gonopericardial duct, which connects the pericardial cavity 
with the pallial oviduct, just anterior to the albumin gland. 
The ducts are ciliated and are guarded by a sphincter upon 
entering the cavity. In Ocenebra erinacea the duct opens 
into the cavity through a prominent ciliated funnel instead 
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of a sphincter (FRETTER, 1941). The duct has disappeared 
in Urosalpinx cinerea and is represented by only a thin 
strand of connective tissue. 

The posterior region of the oviduct in Thais emarginata, 
Th. canaliculata, Drupa nodulosa, and Ceratostoma foll- 
atum is open to the mantle cavity via a short ciliated duct. 


BUCCINIDAE 


The gross morphology of the male genital tracts of buc- 
cinids in this study is similar to that of Buccinum undatum 
described by FRETTER (1941). The upper end of the vas 
deferens is coiled and serves as a seminal vesicle. In 
Cantharus dorbignyi a sphincter muscle is present just 
anterior to the seminal vesicle. The presence of connective 
tissue joining the pericardial wall to the vas deferens indi- 
cates a remnant of a gonopericardial duct in this species. 
Also, the vas deferens is open to the mantle cavity via a 
short ciliated duct. 

The major difference in the gross morphology of female 
genital tracts of buccinids, as compared to those of muri- 
cids, is the location of the duct to the ingesting gland. In 
Cantharus dorbignyi this duct originates from the albumin 
gland, as opposed to the capsule gland in muricids. Nep- 
tunea antigua, Colus gracilis, and Pisania janierensis have 
no ingesting gland. The seminal receptacle in N. antigua 
and C. gracilis is divided with one sac on each side of the 
ventral channel. 


N ASSARIIDAE 


The reproductive system of Nassarius incrassatus is quite 
different from that of N. reticulatus described by FRETTER 
(1941). 

The vas deferens of the male is greatly coiled at the upper 
end like that of the buccinids. The prostate gland is inter- 
esting in that it is surrounded by a thick muscle layer and 
becomes convoluted at its anterior end. Leaving the pros- 
cate is the coiled, muscular, anterior vas deferens that ter- 
minates in a tubular penis. 

In the female the muscular vagina leads into the bursa 
copulatrix, which appears as a pouch located ventral to 
the capsule gland. According to JoHANsson (1957), a 
seminal receptacle and ingesting gland exist in this species. 
However, both organs are absent in the specimens exam- 
ined for this study. There is a ciliated gonopericardial duct 
that joins the ventral channel near the posterior region of 
the capsule gland. Within this gland was a partially formed 
egg capsule containing numerous eggs. A sphincter muscle 
controls the posterior entrance to the large albumin gland. 
A short duct from the oviduct opens into the mantle cavity 
about halfway between the albumin gland and the ovary. 
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COLUMBELLIDAE 


Unfortunately no male specimens of Anachis hilli and 
Parametaria duponti were collected. Therefore, their geni- 
talia were not studied. 

The upper vas deferens in all male columbellids in this 
study is modified into a seminal vesicle. It is interesting to 
note that one specimen of Anachis varia had a vas deferens 
which bifurcated and rejoined, resulting in a double duct. 
In Mitrella guttata a sphincter muscle is present just an- 
terior to the seminal vesicle. 

A prostate gland is present in Mitrella guttata, Anachis 
varia, and A. sanfelipensis. It appears as an elongated glan- 
dular mass in M. guttata and A. varia, as opposed toa coiled 
duct in A. sanfelipensis. The anterior vas deferens is highly 
muscular and weakly ciliated in all of the species examined. 
The penes are similar to that of Columbella fuscata in that 
they are wide at the base and taper to a pointed tip. In 
addition, all of these species have a pouch in the posterior 
mantle roof into which the penis is tucked when not in use. 

An opening from the vas deferens into the posterior 
mantle cavity is present only in Mitrella guttata. This 
opening differs from that of Columbella fuscata, in that 
it appears as a short ciliated duct arising from the posterior 
vas deferens. 

The female systems of these species are basically similar 
to that of Columbella fuscata, except for the following 
features. Anachis sanfelipensis has a large muscular bursa 
copulatrix which is non-ciliated. This structure acts as a 
seminal vesicle because females that had previously copu- 
lated were found to contain sperm neatly arranged in rows. 
Sperm storage also occurs in the bursae of Anachis brasil- 
iana, A. sparsa, and A. veleda (Marcus & Marcus, 1962b). 
Anachis coronata, A. varia, and Parametaria duponti have 
an albumin gland which occupies the posterior tip of the 
capsule gland. Columbella fuscata has no albumin gland. 
A gonopericardial duct is present in A. varia, A. nigrofusca, 
C. strombiformes, and M. guttata. 

As in Columbella fuscata, sperm ingestion occurs in the 
pericardial cavity of Mitrella guttata. Here the sperm are 
shunted to a diverticulum off the main cavity, where they 
are broken down by the epithelial cells. 


Egg Capsules 


Columbella fuscata 


In this species, spawning occurs throughout the year 
with peak periods from June through August, and Novem- 
ber through the middle of February. Females deposit their 
capsules on the seaweeds Padina and Sargassum. Individ- 


Figure 7 


Egg Capsules 
a — Columbella fuscata b -— Acanthina angelica 


e — eggs Pp — mucous plug 


ual females can deposit up to 40 capsules; however, the 
average mass contains about 20. The light brown capsules 
are deposited in alternating rows and average 2.2mm in 
height and 1.5mm in width. They are flask shaped and 
are attached to the algae by an adhesion disk, (Figure 7a). 
The top is surrounded by a flanged collar, and the mucous 
plug is centrally located. 

There are about 50 eggs (e) in each capsule which are 
distributed in a loosely packed mass. There is no apparent 
albumin present around the eggs. 

The histology of the capsule wall is shown in Figure 
8a. The wall of the capsule is made up of 4 layers. The thin 
innermost mucous layer is homogeneous and transparent. 
The two middle layers consist of oblique protein fibers 
directed in a crisscross network. The outer layer, which is 
secreted by the ventral pedal gland, is composed of mu- 
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cus. The formation of the egg capsule is discussed below. 


Acanthina angelica 


The egg capsules of this species were briefly described 
earlier by WoLFson (1970). Acanthina angelica spawns 
from the middle of December through the last week in 
March. Females aggregate in large numbers underneath 
the basaltic boulders to deposit their capsules. These egg 
masses can be quite large, sometimes numbering up to 500 
capsules. 

The bright yellow capsule averages 5 mm in height and 
2mm in width. It is vase-shaped and attached to the sub- 
stratum by a short stalk (Figure 7b). The surface of one 
side is flat and bordered by two longitudinal ridges run- 
ning the length of the capsule. The top is sealed by a round 
mucous plug which dissolves away when the juveniles 
hatch. The walls are translucent and the egg mass can be 
seen within. 

The yellow eggs are rather large and yolky, reaching a 
diameter of about 250 ym. In freshly laid capsules, the eggs 
are compacted into a mass of 400-500 in number and sur- 
rounded by a coat of albumin. 

Histological sections reveal the three layers that com- 
pose the capsule wall (Figure 8b). The innermost layer is 
thin and homogeneous and stains with Alcian Blue. The 
middle and outer layers are fibrillar in appearance and 
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Figure 8 


Egg Capsule Histology 
a — Columbella fuscata b — Acanthina angelica 
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stain pink with Hemalum and Eosin B. In addition, a 
homogeneous substance is dispersed among the fibers. The 
direction of the fibers in the middle layer is circular, while 
that of those in the outer layer is longitudinal. In capsules 
from Nucella lapillus, FRETTER (1941) showed that the cir- 
cular fibers make up the outer coat, while the middle layer 
is longitudinal. ANKEL (1973) proposed that the egg cap- 
sule of the same species is composed of two substances, the 
protein and conchiolin intermixed with mucus or a mu- 
coid substance. This has been substantiated in histochemi- 
cal studies by BAYNE (1968), in which acid mucopolysac- 
charides and conchiolin were found to be the major 
components of the capsule wall. 


Reproduction in Columbella fuscata 


Copulatory behavior 


Copulation in Columbella fuscata occurs in the sand 
around the bases of Padina and Sargassum. When the mates 
pair, the male crawls onto the shell of the female and grasps 
the anterior siphonal canal with his epipodial palps. At 
this point, both male and female are lying side by side, with 
their anterior canals facing in the same direction. The 
penis is removed from the posterior pouch and inserted 
into the genital aperture of the female. When this occurs 
there is a slight twisting movement of both partners. Ejacu- 
latory movements occur at 5 second intervals for about one 
minute. At this time, the male jerks violently while the 
female remains more or less motionless. Soon after ejacu- 
lation is completed, the male withdraws the penis while 
the female rises up on her foot and twists rapidly from side 
to side until the male falls off. The entire process takes up 
to 25 minutes. During this time, 10 to 15 minutes are spent 
in precopulatory attachment. 


Egg string movement 


Eggs are released, one at a time, from the ovary into the 
oviduct in females dissected prior to’copulation. At this 
time, the oviduct is distended to one and one-half its origi- 
nal diameter. The eggs are surrounded by large amounts 
of yolk and situated toward the edge of the yolk mass. This 
orientation exposes a region of the egg membrane for 
sperm entry during fertilization. The yolk and eggs are 
transported in single file by cilia along the oviduct. As they 
enter the capsule gland, the ova can be seen disappearing 
one by one. The journey from the ovary to the capsule 
gland takes from 10 to 15 minutes. 
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Sperm movement in the male 


Spermatozoa are released from the seminal vesicle upon 
relaxation of the sphincter muscle. From this point, they 
are transported mainly by ciliary action along the posterior 
vas deferens. The ciliary tracts are arranged in spiral 
fashion, thereby drawing the sperm mass out into a heli- 
coid configuration (Figure 9). This probably aids in mix- 
ing the sperm evenly with prostatic secretions. When the 
sperm enters the anterior vas deferens, it is moved mostly 
by peristaltic contractions towards the penis. The sphinc- 
ter near the entrance to the diverticulum closes, thus pre- 
venting any loss of seminal fluid. However, in snails that 
are dissected during copulation, sperm can be observed 
escaping into the mantle cavity through the opening in the 


the vestibule, where the tip is directed downwards and 
inserted directly into the ventral channel. Two muscular 
strips posterior to the genital opening hold the penis in 
place. Males observed after copulation show a constriction 
near the anterior end of the penis, which is produced by 
these muscular strips. The region anterior to the constric- 
tion is about 1.5 mm in length, which is the same length as 
that of the vestibule. Sperm released in the ventral channel 
move, with the aid of cilia, to the posterior region of the 
capsule gland where fertilization takes place. 

In females dissected soon after copulation, sperm not 
utilized in fertilization can be observed moving through 
the gonopericardial duct and filling the pericardial cavity 
(Figure 12). The cavity is about one-half full in females 
dissected 5 minutes after copulation, and completely full 


Figure 9 


Sperm Movement in a Male Columbella fuscata: 


dv — diverticulum 
sp — sperm 


diverticulum. The sphincter at the entrance to the diver- 
ticulum relaxes and the sperm is shunted into this region. 
Concurrently the sphincter at the anterior end of the semi- 
nal vesicle closes, thereby preventing any backward move- 
ment. As the sperm enters the diverticulum, it congregates 
into a large mass completely filling the region before it is 
extruded (Figure 9). Cilia in the diverticulum then direct 
the entire sperm mass through the opening and into the 
posterior mantle cavity. Small quantities of sperm are also 
extruded through the penial opening. 


Sperm movement in the female 


During copulation the penis is inserted into the female 
aperture. The apical portion of the penis passes through 


omc — opening into the mantle cavity 
vd — vas deferens 


A - anterior B — posterior 


after 10 minutes. The normally transparent cavity now 
attains a white opaque appearance. 


Fertilization 


Fertilization occurs in the lumen of the posterior region 
of the capsule gland. As the unfertilized eggs (ue) enter the 
capsule gland, they come into contact with spermatozoa 
from the ventral channel (Figure 10). Dissections of fe- 
males during the first 10 minutes after copulation show 
the eggs being mixed with the sperm mass. 


Sperm ingestion 


As the pericardial cavity becomes filled with sperm, cilia 
lining the left side of the pericardial wall drive the sperm 
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Figure 10 


Sperm and Egg Movement in a Female Columbella fuscata: 


cg — capsule gland 
cardial duct 
cardial cavity 


h — heart 


fe — fertilized egg 


sp — sperm 


gop — gonoperi- 
ov — oviduct pe — peri- 
ue -unfertilized egg 


ve — ventral channel 


towards the right side, which is lined with ingesting cells. 
These cells are columnar with basal oval nuclei and highly 
vacuolated cytoplasm. These cells send out long pseudo- 
podia which reach out and phagocytize the sperm. The 
breakdown products appear as dark staining granules in 
the cytoplasm, and in some cases pieces of heads and tails 
are visible. In addition to sperm, yolk platelets and occa- 
sionally ova pass into the cavity and are catabolized. 


Egg capsule formation 


As the fertilized eggs (fe) pass through the posterior re- 
gion of the capsule gland, they are covered with the inner 
mucous coat secreted by cells in this region. The 2 muco- 
protein layers are spread obliquely around the egg mass at 
right angles to each other. By the time this first capsule 
enters the vestibule, a second is being secreted. Connecting 
these capsules is a muco-protein string. At this stage the 
egg capsules do not assume their final shape, but appear 
as soft irregular masses lined with many ridges, probably 


produced by folds in the vestibule. After the first capsule 
is released from the vestibule, a second one enters the 
chamber, while a third is being formed posteriorly. This 
process continues and produces what appears to be a string 
of beads joined together by the muco-protein strands. The 
string is then transported along the ciliated groove down 
to the ventral pedal gland, where an outer mucous coat is 
secreted. ; 

The pedal gland apparently hardens the capsule and 
gives it the final shape. The capsules are then cemented to 
the algae in alternating rows to insure maximum support. 
Spawning takes up to several hours depending on how 
many capsules are deposited. 


Ontogeny of' the Genital Ducts 


Acanthina angelica 


When the males are 12.1 mm long, the testis is undif- 
ferentiated with only a thin layer of connective tissue lin- 
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ing the upper end of the testicular duct. This thin-walled 
duct is fused throughout its entire length and filled with 
loosely packed strands of connective tissue. Anteriorly, the 
duct straightens out and passes along the right side of the 
visceral mass. As it approaches the region of the kidney, it 
opens up into seminal groove, which continues under- 
neath the right mantle wall until it reaches the mantle 
fold. Here it curves left and passes along the right body 
wall to the base of the rudimentary penis. There is no 
evidence of a prostate gland or prostatic tissue at this stage 
of development. The penis appears as a bulge of pedal 
tissue, 200 wm long, posterior to the right cephalic ten- 
tacle. The penial duct is fused for about 110 4m, then 
reopens near the anterior end of the penis. A double row 
of columnar cells defines the line of fusion in the duct. 

When the juveniles reach a length of 13.5 mm, the testis 
begins to differentiate. It consists of several layers of pro- 
liferating round cells that have large nuclei. A thin sheet 
of connective tissue separates the young testis from the 
digestive diverticula. The testicular duct still contains 
connective tissue. Anteriorly the vas deferens is now fused 
into a closed duct which opens into the rudimentary pros- 
tate region. This region is also fused throughout its length, 
except for the posterior area. No glandular tissue has de- 
veloped yet, and the epithelium lining the lumen is com- 
posed of tall ciliated columnar cells. Anterior to the pros- 
tatic region, the pallial vas deferens is fused along its entire 
length and joins the base of the penis. The well differen- 
tiated penis is 1.5mm long and contains a centralized pe- 
nial duct, of which only the anterior region is a ciliated 
groove. 

By the time juveniles attain a length of 15.0mm, the 
testis is well developed with many acini and primordial 
germ cells. The testicular vas deferens is clear of connec- 
tive tissue and the prostatic region 1s becoming glandular. 
The pallial vas deferens and penial duct are completely 
fused throughout their entire length. Only one juvenile 
female was collected and it measured 15.8 mm in length. 
The ovary was undeveloped and only a thin layer of con- 
nective tissue surrounded the upper end of the gonadal 
oviduct. This duct was lined with cuboidal epithelium 
and contained strands of loosely packed connective tissue. 
Anteriorly the oviduct was fused along its entire length. 
The pallial oviduct, however, was only a straight tube 
without accessory glands and structures, except for a small 
diverticulum about 16 ym in length. The diverticulum 
originated dorsally just anterior to the kidney. It was non- 
ciliated and probably gives rise to the seminal receptacle 
and ingesting gland. 
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Columbella fuscata 


The development of the male genital duct in this species 
is remarkably different from that of Acanthina angelica. 
In juveniles 10.0 mm and 11.0mm in length, the penis is 
fairly well developed and about one millimeter long. The 
penial duct is fused but there is no line of fusion present. 
Posteriorly the closed pallial vas deferens passes along the 
right body wall, then disappears in the region of the mantle 
fold. It is lined with ciliated cuboidal epithelial cells and 
covered with a thin layer of connective tissue. The remain- 
der of the genital duct, along with the testis, is not discern- 
ible. When the juveniles attain a length of 13.0mm, the 
reproductive system is complete. The testis is not com- 
pletely developed. However, it consists of many acini, and 
spermatogenesis is occurring with many spermatogonia 
and primary spermatocytes present. The seminal vesicle is 
highly convoluted but it is devoid of sperm. The penis and 
anterior vas deferens are extremely muscular and well de- 
veloped. In addition, the diverticulum leading to the open- 
ing into the posterior mantle cavity is present. 

In females the development is again from the anterior to 
the posterior. Juveniles which are 16.5mm long have a 
genital opening that leads to a well developed ciliated ves- 
tibule. This opens into a slightly smaller duct, which is 
lined with ciliated columnar epithelium and surrounded 
by a thin layer of connective tissue. This region will appar- 
ently become the capsule gland; however, at this time there 
is no glandular tissue present. Posteriorly the duct bifur- 
cates with the dorsal branch giving way to the oviduct, 
while the ventral branch is a diverticulum projecting to- 
wards the pericardial cavity. The oviduct continues pos- 
teriorly for a short distance, then disappears as a diffuse 
mass of connective tissue. Moreover, the ovary is not 
apparent at this time. 

When females reach a length of 18.0 mm, the diverticu- 
lum has joined the pericardial cavity, forming the 
gonopericardial duct. In addition, the pallial oviduct is 
enlarged but there is still no indication of any glandular 
tissue. 


DISCUSSION 


The general plan of the genital systems in the species 
studied is relatively uniform; however, both anatomical 
and functional differences occur within the accessory struc- 
tures. Of particular interest are the occurrence of mantle 
openings in the male, and sperm receiving and storage 
organs, and gonopericardial connectives in the female. 
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Evolution of the Open Reproductive System 


A hypothesis for the evolution of mantle (pallial) gono- 
ducts was proposed by JOHANSSON (1942), and FRETTER 
(1946). They suggested that the gonoducts in both sexes 
were originally open, ciliated grooves, bordered by glan- 
dular tissue. This condition is quite evident among the 
mesogastropods. Studies by JoHANssON (1946) of Turritella 
communis Risso, 1826, Bittiwm reticulatum (da Costa, 
1778) (JoHANsSON, 1947) and Cerithiopsis tubercularis 
(Montagu, 1803) (FReTTER, 1951) revealed the fact that 
open ducts occur in both sexes. In addition, JOHANSSON 
(1953) examined Cerithium vulgatum Bruguieére but un- 
fortunately was able to collect only male specimens, all of 
which, nevertheless, had open seminal grooves. 

At this place it is appropriate to mention that several 
species of mitriform neogastropods retain the primitive 
open condition. Woopwarp (1901) wrote that the entire 
pallial duct of Adelomelon ancilla [Lightfoot, 1786] is a 
long groove. In a study of Alcithoe arabica (Gmelin, 1791) 
PoNnDER (1970) notes that the prostate is completely open 
along the ventral surface. Also, in a later report, PONDER 
(1972) observed a seminal groove in Peculator hedleyi 
(Murdoch, 1905). 

As the mesogastropods and neogastropods evolved, the 
pallial groove became fused into a duct along its entire 
length (FRETTER, 1946). Kru (1935) found this to be 
true for the hybrobiid, Assiminea grayana Fleming, 1828. 
According to PONDER (1973), closure of the prostate gland 
arose independently in several families. In Triva monacha 
(da Costa, 1778) and T. arctica (Montagu, 1803) (FRETTER, 
1946) and Circulus striatus (Philippi, 1836) (FREtTTER, 
1956), the posterior region of the prostate gland is open 
to the mantle cavity by a ventral slit. As mentioned earlier, 
similar openings occur in many of the British Stenoglossa 
(FRETTER, 1941), columbellids (Marcus « Marcus, 1962b), 
olivids (Marcus & Marcus, 1959a), and turrids (SMITH, 
1967). Moreover, this condition occurs in most of the 
species in this study (Figures 1, 5). It is interesting to note 
that the opening occurs in several different ways. In Thais 
canaliculata and Acanthina angelica it appears as a ventral 
slit in the posterior region of the prostate. In contrast, it 
is a Short ciliated duct in Cantharus dorbignyi and Acan- 
thina spirata. In Columbella fuscata the opening is unique 
in that it occurs on the surface of a diverticulum ventral 
to the vas deferens. 

In accordance with the open groove theory, it would 
appear that these openings are a retention of the primitive 
condition and therefore are of primary derivation. The 
ontogenetic studies of Columbella fuscata and Acanthina 
angelica give support to this hypothesis. Posterior open- 
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ings are present even in the youngest of juveniles, which 
would indicate they are primary. This condition probably 
exists in other species, but has yet to be determined. 

The pallial opening is doubtfully pleiotropic because 
of its widespread occurrence in different genera. FRETTER 
(1941) suggests that it acts as a “‘safety valve” in providing 
an escape for sperm when males are disturbed during 
copulation. The author agrees with her hypothesis be- 
cause this was observed repeatedly in Columbella fuscata. 
Also, there is a close relationship between the pallial open- 
ing and the presence of a sphincter muscle anterior to the 
seminal vesicle. Species that have a mantle opening also 
have the sphincter. Further, the seminal vesicle is thin and 
fragile. Conversely, the opening and sphincter muscle are 
absent in those species that have an elastic seminal vesicle. 
Therefore it is apparent that if the opening was not pres- 
ent, pressure resulting from seminal fluid would rupture 
the vas deferens, because the sphincter contracts and pre- 
vents any backward movement of seminal fluid. In those 
species without the opening, the seminal vesicle can ex- 
pand and absorb the excess pressure. It is important to 
have some protective mechanism. Because the copulatory 
period in gastropods can be rather long, a protective 
mechanism of this sort has high survival values. Marcus 
& Marcus (1959b) observed that copulation lasts up to 3 
hours for Olivella verreauxii (Duclos, 1857). During this 
time, vulnerability to predation and physical parameters, 
such as waveshock, is increased. 

The length and shape of the prostate gland are quite 
variable. The gland is especially long in turrids (SMITH, 
1967), probably owing to the narrowness of the mantle 
cavity. It is well known that the prostate gland provides 
a liquid medium for the spermatozoa, for transference 
from male to female. This gland, however, is absent in 
several species of columbellids. Instead, the seminal vesicle 
is glandular and appears to assume a prostatic function in 
addition to sperm storage and resorption. 

The penes can be separated into two morphological 
types. Those that are wide, blunt, and considerably flat- 
tened dorsoventrally, and those that are wide, tapering to 
a point, and flattened or tubular. The first type occurs in 
the muricids and buccinids, whereas the second type occurs 
in nassariids, columbellids, olivids, and turrids. Studies by 
PonpeER (1972) on mitriform gastropods indicate they have 
penes simnilar to those of the olivids. The penis, in addition 
to functioning as an intromittent organ, also aids in hold- 
ing the copulating partners together. In Littorina irrorata 
(Say, 1822), BincHam (1972) observed that the penis is 
directed into the mantle cavity of the female, where it 
quickly inflates. It is possible that penes which are wide 
and blunt never actually enter the female aperture, but 
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only the mantle cavity, where they release their gametes. 
Respiratory currents would then carry the gametes to the 
female opening. This has been suggested for Buccinium 
undatum (Linnaeus, 1758), because the gigantic penis 
could in no way be inserted into the minute distal bursa 
copulatrix of the female (JoHANsson, 1953). Also, ciliary 
currents are directed towards the bursa. This appears to be 
the case for Acanthina angelica, other muricids, and buc- 
cinids. On the other hand, in Columbella fuscata the penis 
does enter the female aperture and is held in place by 
muscular strips bordering the vestibule. ‘This most likely 
occurs in other columbellids and other groups with this 
type of penis. An exception is Olivella verreauxii, which 
has a long narrow penis that is inserted only into the mantle 
cavity of the female. Here the sperm are transported by 
cilia to a groove leading to the oviducal opening (Marcus 
& Marcus, 1959b). The mucous glands in the penis may 
assist in the insertion and securement in the female. 
FRETTER & GRAHAM (1962) believe this to be true for 
Littorina irrorata. 

Jouansson (1953) suggests that when the oviducal 
groove in females was transformed into a closed duct, a 
posterior or proximal opening would have been necessary 
for those forms lacking a penis because sperm transport 
and reception were dependent on ciliary currents. In the 
Neritidae and Helicinidae, BourNE (1911) remarks that 
the vagina resulted from incomplete fusion of the oviducal 
groove, and is homologous with the posterior mantle open- 
ing in males. This condition is also present in Nerita bir- 
manica (Phillipi, 1844), (BERRY, Lr & Kumar, 1973), 
where the vagina is separate from the nidimental opening. 

A proximal opening, however, occurs in some species 
that have a penis. Both the females of Skeneopsis planorbis 
(Fabricius, 1780) and Rissoella diaphana (Alder, 1848) 
have a proximal opening, and the males have a penis 
(FRETTER, 1948). JOHANSSON (1947) tried to associate the 
open oviduct with the absence of a penis. He found, how- 
ever, that Melania crenulata (Swainson) and M. tubercu- 
lata (Miller) have no penis and the females have a closed 
oviduct. Conversely, in a later study JoHANsson (1953) 
showed that Melanella intermedia (Cantraine, 1835) has 
a penis and the female has a closed oviduct. As shown in 
Figure 6 females of Thais emarginata, T. canaliculata, 
Ceratostoma foliatum, and Drupa nodulosa also have pos- 
terior openings in their oviducts. FRETTER (1951) believed 
that the open condition is secondary and tried to correlate 
it with the shape of the shell and the narrow mantle cavity. 
This is applicable for such genera as Bittium, Cerithiopsis, 
and Triphora. However, in Trivia and Littorina, which 
also have the open condition, the shell is quite different 


and the mantle cavity is spacious. Fretter realized this and 
proposed that the alteration in shell shape may be recent 
and that the anatomy of the reproductive system has not 
had enough time to change from its ancestral condition. 
The author suggests that an external shell is more subject 
to environmental changes than internal systems. However, 
Jouansson (1953) remarks that a retention of a primarily 
open condition may also be due to the initial shape of the 
shell. Either hypothesis could be clarified by studies of the 
fossil record and ontogeny of these species. 

The higher Prosobranchs have evolved a distal bursa 
copulatrix to receive the sperm during copulation. This 
is a definite advantage, especially in those species with a 
narrow mantle cavity. If the opening was posteriorly 
located, it would be difficult to accommodate a large penis 
(FRETTER, 1953). This would interfere with respiratory 
currents and other vital functions of the mantle cavity. 
As mentioned earlier, the bursa in the muricids and buc- 
cinids is much too small to receive the penis. Therefore, 
the sperm are released in the mantle cavity and carried to 
the bursa by ciliary currents. In the higher neogastropods 
this structure is compatible and functions as a penial re- 
ceiving organ. Studies by Marcus & Marcus (1959a) reveal 
an extremely long muscular bursa in females of Oliva 
sayana (Ravenel, 1834). This would indicate it functions 
in holding the penis securely during copulation. 

The bursa copulatrix, as a penial receiving organ, has 
evolved throughout the hermaphroditic gastropods. In the 
Opisthobranchiata the mantle cavity is reduced or absent, 
and in copulating partners the penes are inserted directly 
into the vaginal openings (EALEs, 1921; PELSENEER, 1935). 
Moreover, in the Pulmonata, the genital duct has sepa- 
rated from the mantle and now lies within the haemocoele. 
Here again, the penis is inserted directly into the vagina. 
In Ariolimax californicus (Cooper, 1872), the vagina is 
surrounded by a huge intrinsic muscle which firmly grasps 
the penis (MEAp, 1943). It is interesting to note that some- 
times partners will apophallate to effect separation. To 
date, this phenomenon has not been observed in the Proso- 
branchs. 

Seminal receptacles occur throughout the mesogastro- 
pods and have probably evolved in connection with the 
posterior copulatory opening (JOHANSSON, 1942). This con- 
dition is retained in many neogastropods, in which it is 
located posteriorly between the albumin and capsule 
glands. In these, the sperm received by the female is trans- 
ported posteriorly along the ventral channel to the semi- 
nal receptacle, where it is stored. In Thais emarginata and 
Urosalpinx cinerea the ventral channel is modified into 
an anterior sperm sac. This structure reveals a clear homol- 
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ogy between the ventral channel and the seminal recep- 
tacle. Observations by Marcus & Marcus (1962b) indicate 
that in some species of columbellids the bursa copulatrix 
is divided into two sacs. One sac serves as a site for sperm 
ingestion, which is discussed below, while the other is used 
for sperm storage. A similar case is known from the Ris- 
soidae (JOHANSSON, 1957). It appears, at least in some spe- 
cies, that a homology exists between the seminal receptacle 
and the bursa copulatrix. 

FreTTER (1941) has observed in Nucella lapillus that 
the seminal receptacle opens into a diverticulated sac, 
which functions as an ingesting gland. This also occurs in 
Acanthina angelica, Thais emarginata, Urosalpinx cinerea, 
and several other neogastropods. FRETTER (1941) suggests 
that the ingesting gland is homologous with the seminal 
receptacle of other species. The diverticulum which arises 
from the oviduct in juvenile Acanthina angelica was found 
in the present study to be the common root for both the 
seminal receptacle and ingesting gland. This evidence 
clearly supports Fretter’s view that a homology exists. 

The gonopericardial duct, which occurs in several of 
the species studied, warrants some discussion. MARCUS & 
Marcus (1962b) indicate that it is homologous to the right 
ureter of Archaeogastropods. The author disagrees with 
this hypothesis because the ontogeny of the gonopericar- 
dial duct in Columbella fuscata reveals a double origin. 
Both the pallial oviduct and the pericardial wall produce 
diverticula that eventually join in forming the canal. A 
similar condition occurs in Littorina saxatilis (Olivi, 1792) 
(Cousin, 1972). Marcus & Marcus (op. cit.) have observed 
sperm storage in this duct and conclude that it functions 
as a seminal receptacle. It therefore appears that the gono- 
pericardial duct is indeed homologous with the seminal 
receptacle of other species. Although this duct is usually 
confined to females, SmitH (1967) found that one exists in 
the male of Lora trevelliana (Turtan, 1834). Moreover, in 
Acanthina spirata a dense strand of connective tissue con- 
nects the vas deferens with the pericardial cavity, which 
suggests that it is the remnant of a duct. 

As far as the capsule and albumin glands are concerned, 
it is apparent that homologies exist among those species 
with closed oviducts and those with open oviducts. Jo- 
HANSSON (1957) remarks that there is a definite homology 
between the albumin gland of neogastropods and the 
uppermost gland of Littorina saxatilis and Alvania reticu- 
lata (Carpenter, 1866). He also indicates that the ventral 
channel of neogastropods is equivalent to the vaginal lu- 
men of the Rissoacea. 

The ventral channel is interesting because, as previously 
mentioned, in Thais emarginata and Urosalpinx cinerea 
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it is modified into a seminal receptacle. Also, in Acanthina 
angelica and other muricids, its roof is composed of two 
longitudinal flaps of tissue which make it a functionally 
separate duct. This may indicate a homology to the func- 
tionally separate spermoviducts in hermaphroditic gastro- 
pods. If this were true, it would support the hypotheses of 
Duncan (1960) and GHIsELIN (1965) in that the separation 
of the spermiduct and oviduct in the pallial region repre- 
sents an advanced condition. Furthermore, this would dis- 
agree with Sotem (1972) in that the monaulic pallial 
spermoviduct is the advanced situation. This, however, 
is speculation and much work is needed in this area. In 
addition, the hermaphroditic turrid, Lora turricula (Mon- 
tagu, 1803), described by SmitH (1967) has morphologi- 
cally separate male and female systems. 

Several hypotheses are presented to account for sperm 
ingestion in gastropods. In Eupleura caudata (Say, 1822) 
and Urosalpinx cinerea, Harcis & MacKenzie (1961) 
argue that if sperm left over from one mating is not com- 
pletely ingested, then it is viable for the next spawning 
period. They also suggest that sperm ingestion would be 
a way of disposing of “sick sperm,’ which would otherwise 
penetrate ripe ova and block the passage of viable sperm. 
In a recent study on Helix pomatia Linnaeus, 1758, Linp 
(1973) suggests that sperm ingestion is a way of possibly 
preventing self-fertilization. This, however, would not 
apply to neogastropods because they are generally not 
hermaphroditic. The author agrees with the suggestion of 
FRETTER (1941) that ingested sperm serve as nourishment 
for the adult. In reproductively active females the diges- 
tive gland is highly reduced; therefore, it would be advan- 
tageous to utilize excess sperm for nourishment. Also, in 
Columbella fuscata, occasionally ova and yolk granules 
are ingested by the pericardial epithelium. 


Egg Capsules 


The egg capsules of Acanthina angelica are typically 
stenoglossan. This is also the case for Thais emarginata, 
Thais canaliculata (Houston, 1971) and Torvamurex 
territus (Reeve, 1845) (MurRAy, 1964). On the other hand, 
the oyster drill Bedeva hanleyi (Angas, 1867) deposits lens- 
shaped capsules (HEDLEY, 1916). The egg capsules of 
Columbella fuscata are similar to those of the columbel- 
lid Anachis brasiliana described by Marcus & Marcus 
(1962b). FRETTER & GRAHAM (1962) state that in neogastro- 
pods the shape of the cavity of the ventral pedal gland re- 
sembles that of the egg capsule. In these species it was 
extremely difficult to detect any relationship. 


Vol. 19; No. 1 


THE VELIGER 


Page 45 


SYSTEMATIC DISCUSSION 


It is difficult to establish any definite phylogenetic relation- 
ships among major groups of neogastropods, especially at 
the family and generic levels. At the superfamily level, 
however, evolutionary trends based on the genital system 
become evident. According to THIELE (1929-35), the Neo- 
gastropoda (Stenoglossa) is composed of 4 superfamilies: 
Muricacea, Buccinacea, Volutacea, and the Toxoglossa. 
The origin of the neogastropods was probably some com- 
mon ancestor in the early Cretaceous. From this root arose 
these groups splitting off in 4 lineages. According to 
ScHILDER (1947), these groups evolved sometime during 
the late Cretaceous or early Paleocene. The presence of 
free-swimming larvae, which occur throughout these 
groups (LEBour, 1937; THorson, 1946), indicates a primi- 
tive condition. In the Muricacea, although it is a primitive 
group, there is a tendency to delete the free-swimming lar- 
va stage. In addition, the repeated occurrence of a gono- 
pericardial duct and pallial openings suggest an early 
origin. Moreover, this early origin would allow time for 
specializations to occur, and at the same time retain primi- 
tive characteristics. The earliest North American and 
South American fossil records of the genera of the Gulf of 
California species studied are from the Tertiary (WENz, 
1941-43). This is during the same period when the forma- 
tion of the Gulf of California is estimated to have occurred 
(Larson, MENARD, & SMITH, 1968). During this time, these 
genera probably invaded the newly formed gulf and spe- 
ciated. 

The reproductive systems of these species conform to 
those of species from regions of the world in having both 
primitive and advanced structures. Hence, this suggests 
parallel evolution throughout the Neogastropoda. 


SUMMARY 


The reproductive systems of Acanthina angelica 1. Old- 
royd, 1918 and Columbella fuscata Sowerby, 1832, are de- 
scribed in detail. Specimens were collected at Puerto 
Pefiasco, Sonora, Mexico, in the Gulf of California and 
transported alive to the University of Arizona. Studies on 
the genitalia were accomplished through dissections and 
histological sections. In addition, 23 species from other 
regions of the world were examined briefly for compara- 
tive purposes. 

The reproductive systems of the Gulf of California spe- 
cies studied are similar to those of species from other 
regions. Hence, phylogenetic trends, based on reproduc- 


tive systems, are difficult to establish. Parallel evolution 
appears to have occurred within the Neogastropoda. 

In Columbella fuscata, sperm ingestion occurs within 
the pericardial cavity of the female. Ingested sperm prob- 
ably serves as a nutrient source because the digestive gland 
atrophies in reproductively active females. In the male, a 
region of the vas deferens is open to the mantle cavity 
and apparently acts as a ‘safety valve’ for the release of 
spermatozoa. 

In many species, homologies exist between the seminal 
receptacle, bursa copulatrix, ventral channel, and gono- 
pericardial duct of the females. In males of many species, 
there is communication between the vas deferens and the 
mantle cavity. These openings appear to be derived pri- 
marily from the primitive open condition. 
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INTRODUCTION 


TEMPERATURE IS GENERALLY considered to be an impor- 
tant factor in governing the upper limit of the vertical 
distribution of intertidal organisms (Newett, 1970). 
The tides create an emersion stress period, which increases 
with increasing beach elevation for intertidal organisms. 
Therefore, the vertical position of an organism in the 
intertidal zone determines the amount of temperature 
stress to which it is exposed while emerged. Many studies 
have shown that correlations exist between a species’ 
vertical tidal height and its response to temperature in 
terms of lethal thermal limits (FRAENKEL, 1960; Micat- 
LEF, 1966), the temperature independence of the meta- 
bolic rate (NEWELL, 1969; Davies, 1966), and the rate 
of feeding (Morton, Boney « Corner, 1957). 

Wo tcott (1973) has advanced the hypothesis that in 
general, the range limits of animal populations are not 
directly limited by physical factors, but by behavior, com- 
petition, or other biotic factors, and that interspecific 
differences in adaptation to physical stress do not create, 
but allow for, the vertical distribution and partitioning of 


the intertidal environment. This would appear to account 


for the fact that the lethal thermal limits of intertidal ani- 
mals are usually considerably higher than the tempera- 
tures experienced in their habitat (Harpin, 1968). But 
since temperature is known to affect the normal function- 
ing of organisms at sublethal temperatures, ¢.g., feeding 
and reproduction in Thais lapillus (LarcEN, 1966), the 
temperature variations which occur within an organism’s 
intertidal range potentially could affect the competitive 
or reproductive ability, or both, of organisms within their 
habitats. Therefore an organism’s position in the inter- 
tidal area, by determining the regime of physical stresses 
to which it is exposed, could vary competitive ability 
within its range and influence the consequential zonation 
of the species. 


Many intertidal gastropods have been shown to exhibit 
intraspecific shore-level size gradients in their natural en- 
vironment (VERMEIJ, 1972). Two patterns are commonly 
found (VERMEIJ, op. cit.): 1) shell size tends to in- 
crease in an upshore direction in gastropods character- 
istically found in the upper intertidal zone, and 2) shell 
size decreases with increased tidal height in lower inter- 
tidal gastropods. It has been suggested that the size gradi- 
ents found in high intertidal gastropods result from limit- 
ing physical stresses in the upper intertidal region (VeER- 
MEIJ, op. cit.). This places the larger individuals of a 
population, which by surface area to volume ratio con- 
siderations should be best suited to deal with temperature 
and desiccation stress, at the top of the species’ vertical 
range. Higher tolerance levels in larger individuals of 
populations displaying this size gradient pattern have been 
shown to exist (Harpin, 1968; Davies, 1969; Epwarps, 
1969). The size gradient patterns found in lower intertidal 
gastropods are thought to result from biotic factors (VER- 
MEIJ, op. cit.). Since this size gradient pattern places the 
smaller snails in the more physically stressful portion of 
the population’s vertical range, by surface area to volume 
ratio considerations, it is placing the least tolerant mem- 
bers of the populations in the most stressful portion of 
the species’ vertical range (VERMEIJ, op. cit.). But, even 
if this size gradient phenomenon results from the biotic 
stresses of the lower intertidal zone which would be more 
severe on the smaller members of a population, the ap- 
parent non-adaptive placement of the smaller individuals 
in the most physically stressful habitat, could suggest a 
cause for intraspecific physiological adaptations. To our 
knowledge no work has been done to shed light on this 
question. 

In the Puget Sound area both Thais lamellosa (Gmelin, 
1791) and Th. emarginata (Deshayes, 1839) populations 
exhibit shore-level size gradients with the smaller juvenile 
snails found at the top of each species’ vertical range 
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(BertneEss, 1976). In addition, the Th. emarginata pop- 
ulation is found at higher intertidal levels than Th. lamel- 
losa (ConNELL, 1970; BerTNEss, op. cit.). It has also 
been shown that the intra- and interspecific zonation pat- 
terns exhibited by these snails result from behavioral res- 
ponses to the continuous gradients of light and elevation 
found in the intertidal area (BERTNESS, of. cit.), so that 
physical stresses do not directly regulate the species’ 
distribution. 

The purpose of this investigation is to determine if 
Thais lamellosa and Th. emarginata populations are intra- 
and interspecifically adapted to their natural zonation pat- 
terns in terms of temperature stress. To achieve this end, 
the snails’ lethal thermal limits are investigated as well 
as their activity and metabolic rate responses to tempera- 
ture fluctuations. 


METHODS 


Lethal Thermal Limits 


Since the thaids are only exposed to extreme tempera- 
ture conditions while exposed during a low tide, the lethal 
thermal limit determinations were made only on emerged 
snails. Determinations were made for a large and a small 
size class of Thais lamellosa and a mixed size group of Th. 
emarginata under humidity conditions of 100% and 0% 
relative humidity in August, 1974, The organisms used in 
the experiments were all collected at Baker’s Reef, Lummi 
Island, Washington (48°40’N; 122°41’W) and were 
starved and acclimated to 13 - 15°C in aerated seawater 
for at least 72 hours before use. After dividing the snails 
into distinct size class/species groups, the shell lengths 
were determined (from apex to siphonal canal) with ver- 
nier calipers. 

In the experimental procedure, individual organisms 
were submerged in 125 mi vented vials in batches of 10 
vials in a constant temperature bath (--1°C) for a pre- 
determined interval of time. Pretests were made to deter- 
mine the approximate times of thermal death from 29 to 
35° C for each group under both wet and dry conditions. 
The humidity of the vials was controlled by adding 2ml 
of fresh seawater for the 100% relative humidity condi- 
tion, and a small crucible (04, Coors) filled with fresh 
CaSO, (Drierite) for the 0% relative humidity condition. 
This method of determining lethal thermal limits is essen- 
tially identical with that described by FRAENKEL (1960). 

Since thaids are slow-moving organisms and go into a 
comatose state under stress (SANDISON, 1968), the batches 
of 10 snails were run at each predetermined temperature/ 
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time interval and then given 24 hours to recover. The 
recoveries were run at the acclimation temperature in 
large finger bowls with the thaids upside down and com- 
pletely submerged in fresh, aerated seawater. After the 
recovery time the condition of each snail was determined 
by poking its foot with a seeker and scoring its condition 
using the following point system (after Grsson, 1970). 

2 = Active or fully recovered. Either the foot is at- 
tached or is exposed but very responsive to seeker. 

1 = Moribund. Foot is exposed but slow in reacting 
to seeker probe. 

0 = Dead. Either the foot is exposed, but does not 
respond to seeker, or operculum is tightly closed 
and shows no response. 

Using this point system, where batch scores of 20, 10, 
and 0 correspond to 0%, 50%, and 100% mortality re- 
spectively, the scores were readily converted to percent 
mortality. The raw data were then subjected to probit 
analysis (FINNEY, 1971) which gave LD50 estimates with 
confidence intervals and analysis of variance on the probit 
line fit. 

Field measurements of humidity and temperature 
were made with an Atkins psychrometer and a Wheat- 
stone bridge thermister unit respectively. Both parameters 
were measured within 5cm of the substrate to accurately 
reflect the conditions in the snails’ habitat. Snail tissue 
temperatures were taken by inserting a thermister mount- 
ed in a hypodermic needle into the foot of the snail. All 
air temperature measurements were taken in the shade to 
avoid radiation interference. Tidal heights were deter- 
mined by methods essentially identical with those de- 
scribed by Dayton (1971) and were found to be accurate 
to -—-8cm. 


Metabolic Rates 


Emerged and submerged respiratory rates of large and 
small size classes of both Thais lamellosa (June, 1974) 
and Th. emarginata (October, 1974) were taken over a 
0- 30°C range. The Th. lamellosa and Th. emarginata 
used in these experiments were collected near Anacortes, 
Washington at the Shannon Point Marine Center (48° 
29’N; 122°45’W) and Washington Park West Beach 
(48°31’N; 122°42’W), respectively. The snails were all 
acclimated and starved for at least 48 hours and no longer 
than 7 days in 13- 15°C aerated fresh seawater before 
use in the experiments. Algal epiphytes and barnacles 
were removed from the shells before use. All snails were 
towel-dried and weighed to the nearest milligram after 
each experiment, were used only once, and returned to the 
beach. 
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Oxygen consumption is expressed in microliters (ul) 
of oxygen (STP) per hour per gram of wet tissue. To de- 
termine the tissue weight of the experimental organisms, 
30 snails of all sizes and each species were towel-dried 
and weighed to 0.001 grams. The snails were then oven 
dried for 6 hours at 100°C. Following drying, the shells 
were cracked and the dry tissue was removed. The shells 
were then weighed (to 0.001 grams) and the wet tissue 
weights were calculated. The tissue weight (Y) and 
whole wet weight (X) were then subjected to regression 
analysis. A significant relationship (P < 0.01, ANOVA) 
was found for both Thais emarginata (Y = 0.397X+ 
0.0042) and Th. lamellosa (Y = 0.215X+0.1181), and 
these relationships were used to convert the whole wet 
weights of the experimental organisms to wet tissue 
weights. 

Since the size class data from field observations (BERT- 
NESS, 1976) were in shell lengths, it was necessary to 
determine if there is a significant relationship between 
shell length and whole wet weight, which would make the 
results comparable. Fifty snails of each species and of all 
sizes were measured with calipers (from apex to siphonal 
canal) to 0.01 cm, towel-dried, and weighed to 0.001 gms. 
The relationship between shell length (X) and whole wet 
weight (Y) for both Thais emarginata (Y = 1.934X —- 
3.412) and Th. lamellosa (Y = 5.589X — 12.770) was 
found to be significant (P < 0.05, ANOVA). 

A Gilson differential respirometer was used to deter- 
mine the emerged oxygen consumption of the snails. 
Standard techniques for the respirometer (Umpreir, 
Burris & STAUFFER, 1964) were followed. For each run 
the snails were placed in the respirometer flasks (one to 
a flask) and allowed to attach to the bottom. The smaller 
snails, Thais emarginata and the small size class of Th. 
lamellosa were run in 10 mil flasks, while the large Th. 
lamellosa were run in 100 mi flasks. The flasks were then 
allowed to thermally equilibrate to the bath for 50 min- 
utes before the run was initiated. The runs lasted 3 hours 
each, with oxygen consumption readings taken at 30 min- 
ute intervals, Determinations were made for each size 
class/species group at 5° C intervals from 0 to 30°C. 

Submerged oxygen consumption was measured using a 
galvanic cell oxygen analyzer (Mancy & WESTGARTH, 
1961) in a closed respirometer system designed by one of 
us (D. E.S.). The oxygen electrode is incorporated with 
an air-tight stirring unit in a rubber stopper fitted to an 
appropriate flask which acts as the respirometer chamber. 
A similar apparatus has been described by Mancy «& 
WEsTGcARTH (op. cit.). 

For each run four 125 ml respirometers were filled 
with air-saturated and thermally equilibrated seawater, 


the weighed snails were lowered into the chambers, al- 
lowed to attach, and the thermally equilibrated electrode 
units were inserted. The respirometers were then lowered 
into a temperature controlled (+ 0.1°C) water bath on 
clamps and run for 150 minutes, taking readings of elec- 
trode output every 30 minutes. Five runs were made for 
each size class/species group at 10°C intervals from 0 to 
30°C. 

Oxygen consumption is calculated as described by 
Mancy « WesTGARTH (1961) using the seawater oxy- 
gen saturation values given by GREEN & Carritt (1967). 
Salinity determinations were made on a Fiske research 
osmometer. 

In order to compare the different size classes of thaids 
under all conditions, the respiration of the size classes were 
all corrected to a specific weight using the formula: 

Z = log O. + (b-1) (log W-log X) 

where W is the desired weight, X is the original wet tissue 
weight, and b—1 is the weight-specific regression coeffi- 
cient of the weight-rate power function (RosBerts, 1957). 
These calculations were run on both species of snails at 
each tested temperature and running condition. The 
power function regression equations were subjected to 
covariant analysis, and the species-temperature groups 
which did not differ significantly from the total pooled 
regression were pooled, and a separate regression was 
calculated to describe their weight-rate power function. 
The corrected weights used were: 


Large Thais emarginata 1.010 grams 
Small Thais emarginata 0.323 grams 
Large Thais lamellosa 2.900 grams 
Small Thais lamellosa 0.243 grams 


which represent the calculated means of the large and 
small Thais sp. wet tissue weights. 

Analysis of variance was performed on the resulting 
size class Z values over the 0-30°C range for both 
emerged and submerged rates to determine the effect of 
temperature on the rates. 


Activity 


The rate of crawling of the thaids was determined 
under both emerged and submerged conditions over a 
0 - 30° C range at 5° C intervals. Both large and small size 
classes of Thais lamellosa and a mixed size class of Th. 
emarginata were run in August, 1974. 

All of the snails used in the experiments were collected 
at the Shannon Point Marine Center and were acclimated 
for 72 hours prior to testing in 15°C fresh aerated sea- 
water. The snails were each measured to 0.01cm (from 
apex to siphonal canal) with vernier calipers before use, 
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and used in only one run each and then returned to the 
beach. 

Submerged activity was measured in a temperature 
controlled (+ 0.1°C) 79x 64x 16cm tank filled to a 
depth of 8cm with fresh seawater. The bottom of the 
tank was marked with a 1cm square grid. At the begin- 
ning of each run 10 numbered (snails were all given grease 
pencil numbers) snails were placed in the tank and their 
positions were recorded. Each run lasted 120 minutes and 
at 30-minute intervals the snails’ new coordinates were 
noted and the distance moved was calculated. Two sepa- 
rate runs were made for each size class/species group at 
each temperature. 

The emerged activity was measured on 50 x 40cm glass 
plates, marked with a 1 cm square grid, and placed in an 
incubator. The same measuring technique was used as in 
the submerged activity tests. Temperature fluctuations in 
the incubators, which occurred while new positions were 
recorded, were 3° C and of short duration. 

Both emerged and submerged tests were made under 
artificial light and all results were converted to centi- 
meters per hour and subjected to analysis of variance. 


RESULTS anp DISCUSSION 


Lethal Thermal Limits 


The probit line fit for each species/size class group 
under all experimental conditions was found to be sig- 
nificant (P < 0.001, ANOVA). Statistical testing be- 
tween temperature groups was limited to 95% confidence 
interval comparisons due to the probit analysis technique 
employed (Finney, 1971). 

The LD50 values found for the 3 groups tested under 
conditions of 100% relative humidity are shown in Figure 
1. Thais emarginata shows significantly higher thermal 
limits than either Th. lamellosa size class at each compar- 
able test temperature. This correlates with their inter- 
tidal zonation differences (CoNNELL, 1970). Within the 
Th. lamellosa size classes under wet conditions (Figure 1) 
at each temperature, there is a trend for the small snails 
to be more tolerant. This corresponds to the intraspecific 
size distribution within the species, but differences are not 
significant, with one exception (29°C). 

In an effort to ascertain the effect of low humidity on 
the lethal thermal limits of the snails, tests identical to 
those made at 100% relative humidity were made at 
0% relative humidity. Both species and size classes of 
Thais lamellosa showed significantly longer LD50 times 
under the dry condition (Figure 2) when compared with 
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Figure 1 


LD50 values under 100% relative humidity conditions for Thais 

emarginata (/\, mean shell length 2.32 +0.121(SD) cm), a small 

size class (@) of Thais lamellosa (mean shell length 2.23 + 0.529 

(SD) cm), and a large size class (Q) of Thais lamellosa (mean 

shell length 4.05 + 0.506 (SD) cm). Vertical bars indicate 95% 
confidence intervals 


results for the 100% relative humidity tests (Figure 1). 
This is what would be expected due to the facilitation of 
evaporative cooling with lower humidity (Prosser, 1973). 
In addition, under dry conditions the small Th. lamellosa 
size class showed significantly greater LD50 values than 
the larger Th. lamellosa (Figure 2). Evaporative cooling 
would appear to play a potentially important role in the 
thermal relations of the thaids. 

The percentage survival increase from wet to dry con- 
ditions at each temperature was calculated for the 2 Thais 
lamellosa size classes using the data presented in Figures 
1 and 2. A trend (P < 0.10, paired t-test) was found 
between the percent survival increase of the small Th. 
lamellosa (KX = 119.6%) and the large size class (K—= 
85.57% ). Based on surface area to volume ratios of large 
and small snails, one would expect the small Th. lamellosa 
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Figure 2 


LD50 values under 0% relative humidity for Thais emarginata 
(A, mean shell length 2.32 + 0.121 (SD) cm), small size class 
(@) of Thais lamellosa (mean shell length 2.42 + 0.421 (SD) cm) 
and a large size class (C)) of Thais lamellosa (mean shell length 
4.00 + 0.364 (SD) cm). Vertical bars indicate 95% confidence 

intervals 


to be the most vulnerable to high environmental tempera- 
tures. These data indicate that evaporative cooling in 
the smaller snails is a more efficient cooling mechanism 
and a plausible explanation for their higher thermal lim- 
its. The interaction between temperature and humidity 
in determining the lethal limits of intertidal organisms 
has been stressed by other researchers (KENSLER, 1967; 
Wotcortt, 1973). 

Previous research has demonstrated that generally the 
thermal tolerances of intertidal organisms considerably 
exceeds the temperatures to which the animals are ex- 
posed in their environment (Harpin, 1968; Wotcott, 
1973). Field measurements of thaid tissue temperatures 
and habitat temperatures (Figure 3) appear to verify 
this finding for the thaids, since both snail and habitat 
temperatures are considerably lower than the tempera- 
tures required to cause mortality within the period of 
time that the animals would be exposed to the air (Fig- 
ures 1 and 2). However, these data (Figure 3) were col- 
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lected during a midmorning fall low tide and therefore 
do not represent the maximum temperatures experienced 
by the snails during the summer. 

The tissue temperature of the snails is consistently 
higher than the ambient air temperature in the snails’ 
microenvironment (Figure 3). This observation is in ac- 
cord with Lewis’ (1963) work with intertidal gastropods, 
the temperature difference being attributed to solar radi- 
ation. From this it would seem unreasonable to predict 
the exposure of organisms to lethal temperatures on the 
basis of environmental temperatures alone. Furthermore, 
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Figure 3 


Tissue temperatures of Thais lamellosa (CE) and Thais emarginata 

(@) found at different tidal heights at Washington Park, Septem- 

ber 14, 1974, during a —6cm low tide. Values represent the mean 

of at least 5 snails, and the vertical bars indicate the tissue tempera- 

ture range. The ambient air temperatures ([_]) and relative humidi- 

ties (A) in the thaids microhabitat (5cm above the rock surface) 
are also given 
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the effect of lethal temperatures on populations cannot 
be estimated by comparing the temperatures necessary to 
cause mortality in 50% of a population to the exposure 
temperatures. In actuality, mortalities of much smaller 
magnitude, which would be caused by lower temperatures 
and exposure times, could be important factors in the 
natural population distributions. 

The results in Figure 3 also demonstrate the effect of 
tidal height on the physical parameters of temperature 
and humidity during a low tide. Both snail tissue temper- 
ature and the temperature in the snails’ habitat show gen- 
eral increases with increased tidal height. The humidity, 
however, shows a constant decrease with tidal height. This 
could mean that although the snails in the upper inter- 
tidal area are exposed to higher temperatures, the lower 
humidity would allow them to evaporatively cool more 
efficiently. The inconsistency seen in the increase in Thavs 
emarginata tissue temperature with tidal height (Figure 
3) was unexpected. Since temperature did not show any 
drastic increase above the 60cm tidal height, whereas 
humidity decreases, evaporative cooling could be respon- 
sible for this trend. More realistically, however, snails 
from the upper intertidal zone are generally found in 
more protected habitats than the snails from lower tidal 
levels (personal observation), so that even though an 
effort was made to select “exposed” snails for the meas- 
urements, the observed variability could be due to habitat 
differences between the tidal levels. 

Sanpison (1968) has suggested that lethal thermal 
limits are only indirectly responsible for limiting gastro- 
pod species upper intertidal distribution; the actual lim- 
iting factor being the heat coma of the organisms in- 
volved, which can occur up to 10°C lower for any par- 
ticular LD50 time (SANpIson, of. cit.). Coma could be 
responsible for the ecological death of a snail, since in 
most organisms (including the thaids) the animal loses 
its grip on the substrate and can be washed by the tide 
into a hostile and drastically different environment. We 
have observed apparent heat coma in both Thais lamellosa 
and Th. emarginata in the field and have recorded mini- 
mum tissue temperatures of 26.8°C and 31.2°C respec- 
tively in the immobilized snails. The decision to regard a 
snail found in the field to be in heat coma was a subjective 
one and was based on 2 criteria: 1) the snail had lost 
its grip on the substrate and was very slow to react to 
touching its foot; and 2) the snail was in an exposed 
position and the snails in more protected locations were 
still firmly attached to the substrate. In addition, thaids 
judged to be in heat coma were found infrequently, with 
their occurrence coinciding with hot days and spring low 
tides (personal observation). The tissue temperatures 
found for heat coma thaids when compared with the 
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tissue temperatures found at different intertidal heights 
(Figure 3) suggest that heat coma could be limiting the 
upper vertical distribution of both thaids under consider- 
ation. Even if coma does not cause ecological death by 
directly moving the snails into different habitats, by virtue 
of immobilizing the animal it could affect its activities and 
consequently its competitive ability. Further work will be 
needed to test this, however, including the determination 
of LD50 values using an ecological death rather than a 
physiological death criterion, in addition to verifying the 
ecological fate of a moribund thaid. If thermal limits do 
indeed affect the vertical distribution of the thaids, they 
would appear to reinforce the zonation patterns that are 
established and maintained by behavioral means (BERT- 
NEss, 1976). 

An interesting difference was noted in the behavior of 
Thais lamellosa and Th. emarginata on entering heat 
coma, both in the laboratory and in the field. On entering 
coma, Th. lamellosa withdraws completely into its shell 
and tightly closes the operculum. Thais emarginata, in 
contrast, usually leaves its foot exposed and occasionally 
extends its foot out further when going into heat coma. 
This behavior by the higher intertidal Th. emarginata on 
reaching near-lethal temperatures could represent a re- 
sponse to enhance cooling. This would be possible because 
of the larger surface area available for evaporative cool- 
ing, as well as the exposure of the foot to the cooler 
ambient air (Figure 3). 


Oxygen Consumption 


Metabolic rate was chosen as an indicator of internal state 
during environmental change, since it reflects the sum 
total of the energy transformation taking place in an 
organism. It is possible, however, that alternate anaerobic 
pathways may act to confound this picture (HAMMEN, 
1969; HocHacHKa & Mustara, 1972). In addition, re- 
cent studies (summarized by NEwE tt, 1969) have shown 
that many intertidal organisms display a temperature in- 
dependent resting metabolism as an adaptation to the 
fluctuating intertidal environment. 

The weight regression equations for both Thais lamel- 
losa and Th. emarginata under submerged (Table 1) and 
emerged (Table 2) conditions were subjected to covariant 
analysis by species and conditions of the experiment (sub- 
merged and emerged). Both species showed a significantly 
greater (P < 0.05) regression coefficient when emerged. 
Under both submerged and emerged conditions, the 2 
thaids showed pooled (combined temperature groups) 
regression coefficients that did not differ significantly. 
Therefore, in both species the respiratory rate is propor- 
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Table 1 


Weight (X) — rate (Y) regression equations for the submerged respiration of Thais lamellosa and Thais emarginata 
at four different temperatures. Asterisks indicate regressions that differ significantly (p < 0.05, ANCOVA) 
from the others within each species 


Species and Number in Regression 95% Confidence 
Temperature AG Sample Equation Interval on Y 
Thats lamellosa 
0 17 Y=  0.189X + 1.790 + 0.1435 
10 20 Y= 0.128X + 2.133 + 0.1170 
20 20 Wa ONIN XE-al.653 + 0.0899 
30 15 Y= 0.760X + 1.674* + 0.1955 
Thais emarginata 
0 20 Y= 0.065X + 1.877 + 0.0606 
10 20 Y = —0.562X + 1.875* + 0.1170 
20 20 Y = —0.080X + 1.853 + 0.0857 
30 21 Y= 0.073X + 1.946 + 0.0893 


Table 2 


Weight (X) — rate (Y) regression equations for the emerged respiration of Thais lamellosa and Thais emarginata 
at seven temperatures. Asterisks indicate regressions that differ significantly (p < 0.05, ANCOVA) 
from the others within each species. 


Species and Number in 
Temperature °C Sample 

Thais lamellosa 

0 36 

5 36 

10 35 

15 36 

20 35 

25 36 

30 36 
Thais emarginata 

0 33 

5 36 

10 35 

15 33 

20 32 

25 49 

30 34 


95% Confidence 
Interval on Y 


Regression 
Equation 


Y = 0.502X + 0.823 + 0.1157 
We 10568 Xe te 230 + 0.1111 
Y = 0.499X + 1.504 + 0.1030 
Y = 0.333X + 1.195 + 0.0969 
Y = 0.476X + 1.57 + 0.1011 
Y = 0.576X + 1.390 + 0.1238 
NOS MMOD. a= Ieiileh< + 0.1818 
Y = 0.642XK + 0.802 + 0.1068 
Y = 0.907X + 1.215* + 0.1183 
Y = 0.780X + 1.469 + 0.1111 
DY, SWANS Xe ots 1.359% + 0.1838 
Y = 0.589X + 1.384 + 0.1414 
Y = 0.544X + 0.960 + 0.1273 
Y = 0.613X + 1.360 + 0.1131 


tional to the power, —0.068 of the wet tissue weight while 
submerged, and +0.687 while emerged. The emerged 
power function is in close agreement with HEMMINGEN’s 
(1960) conclusion that in poikilothermic animals as a 
whole, respiration is proportional to the power 0.75 + 
0.015 of body weight. The submerged power function, 
however, is not significantly (P < 0.01) greater than zero 


and is therefore not easily explained, since it refutes 
the weight-rate relationship usually found in organism 
metabolism. Since the thaids show their highest activity 
while submerged (CoNnNELL, 1970), activity differences 
between the snail sizes could possibly account for this 
lack of rate-weight relationship. But data presented later 
in this paper (Figure 8) will show that the smaller snails 
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are more active while submerged than the larger thaids, 
a situation which would appear to have an accentuating 
effect on the normally observed higher metabolic rate 
in smaller individuals. 

Analysis of covariance within each species and sub- 
mersion/emersion condition revealed that temperature 
had a significant (P < 0.05) effect on the regression coef. 
ficients. Temperatures with significantly different coeffi- 
cients are shown with an asterisk (*) in Tables 1 and 2. 
The results were then corrected to a specific weight by 
species, size class, temperature, and submersion /emersion 
condition (see METHODS) for comparison. 


Oxygen Consumption (microliters/gram/hour) 


fs) 5 10 15 20 25 30 
Temperature in Degrees Centigrade 


Figure 4 


Emerged respiration for large (@) and small (©) size classes of 

Thais lamellosa. Each point represents at least 17 individual rates 

that have been weight-corrected (see Methods) and averaged. 
Vertical bars indicate 95% confidence intervals 


The acute R-T curves for emerged large and small 
Thais lamellosa (Figure 4) show similar patterns with 
some important differences. Below 10° C both size classes 
are temperature dependent. Above this temperature the 
small Th. lamellosa show no significant increases in meta- 
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bolism with increasing temperature as would be expected 
if the rates were following the principle of Arrhenius 
(Prosser, 1973). The larger snails (Figure 4), how- 
ever, show significant (P < 0.05, ANOVA) increases 
with temperature in both the 15 to 20° C and 25 to 30°C 
ranges. 


Oxygen Consumption (microliters/gram/hour) 


oO 5 10 15 20 25 30 
Temperature in Degrees Centigrade 


Figure 5 


Emerged respiration for large (@) and small (©) size classes of 

Thais emarginata. Each point represents at least 17 individual rates 

that have been weight-corrected (see Methods) and averaged. 
Vertical bars indicate 95% confidence intervals 


The metabolic rate/temperature curves for the emerged 
size classes of Thais emarginata (Figure 5) are also tem- 
perature dependent below 10° C. The small Th. emargin- 
ata show temperature independence above 10°C (except 
for a significant drop and subsequent rise in metabolism 
around the 15°C acclimation temperature). The large 
Th. emarginata (Figure 5) show a steady decline from 10 
to 25°C followed by a sharp and significant increase 
(P < 0.05, ANOVA) from 25 to 30°C. 

The submerged R-T curves for Thais emarginata 
(Figure 6) show a temperature independent metabolism 
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Figure 6 


Submerged respiration for (@) and small (©) size classes of 

Thais emarginata. Bach point represents 8 individual rates that 

have been weight-corrected (see Methods) and averaged. Vertical 
bars indicate 95% confidence intervals 


for both size classes (P < 0.05, ANOVA). In Th. lamello- 
sa (Figure 7), the small size class shows no significant in- 
crease in metabolism with increasing temperature, where- 
as the large size class shows significant temperature de- 
pendence between 0 to 10° C and 20 to 30° C intervals. 

Temperature independence of metabolic rates found in 
intertidal organisms has been shown to be an attribute of 
standard metabolism (NEWELL, 1969). Since the tech- 
niques used to separate active and standard metabolism 
(NEWELL & NortHcrort, 1967) are complex, this dis- 
tinction was not made. The lack of statistical difference 
between metabolic rates at different temperatures would 
appear to be just as valid a reason for assuming tempera- 
ture independence. This reasoning is particularly sound 
for emerged thaids which when out of water are relatively 
inactive (see below). The general low rate of activity in 
the thaids (Figures 8 and 9) would suggest that the re- 
sults roughly represent standard metabolism and there- 
fore support the conclusions of NEWELL (of. cit.). 

The 2 thaids under consideration appear to be adapted 
to an intertidal existence with varying degrees of tempera- 
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Figure 7 


Submerged respiration for (@) and small (©) size classes of 

Thais lamellosa. Each point represents 8 individual rates that 

have been weight-corrected (see Methods) and averaged. Vertical 
bars indicate 95% confidence intervals 


ture-independent metabolic rates. NEWELL (1969) gives 
examples of subtidal species that show no temperature 
independence in contrast to the many intertidal species 
that do. The implication here is that the adaptive value 
and occurrence of temperature independent metabolisms 
will increase with increasing tidal height. The data pre- 
sented in this paper agree with this prediction. In both 
species a trend is seen towards greater temperature inde- 
pendence in the smaller individuals. Since the smaller in- 
dividuals of both species are found higher on the beach 
(BerTNESS, 1976), this could represent a metabolic adap- 
tation for the size gradient distribution. In addition, the 
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higher intertidal Thais emarginata (CONNELL, 1970) 
shows more temperature independence than Th. lamel- 
losa. This is especially evident in the comparison of the 
submerged R-T curves (Figures 6 and 7). 

The intraspecific differences seen in the R-T curves 
(Figures 4 - 7) appear to be most pronounced at the high 
end of the temperature range (25 to 30°C). With the 
exception of the submerged Thais emarginata which show 
complete statistical temperature independence, the large 
size classes show increased respiratory rates over this range 
while the small size classes show decreases. Since the 
shore-level size gradient found in both species finds the 
large snails in the more thermally stable environment 
in relation to the smaller individuals, this divergence be- 
tween the respiratory responses of large and small sizes 
could be reflecting physiological adaptation. These in- 
creases in metabolic rate at high temperatures in the large 
size classes could be indicative of a metabolism that is out 
of control, i. e., has lost the ability to regulate its respira- 
tory rate at high temperatures, and could be an indica- 
tion of heat coma or approaching thermal death. This is 
supported in Th. lamellosa where the lethal thermal lim- 
its of the large size class was found to be lower than for 
smaller snails. 

Both thaids were found to have significantly higher 
(P < 0.05, ANOVA) respiratory rates while submerged 
than when emerged. Other authors (Sanpison, 1968; 
BannisTER, 1974) have found just the opposite to be the 
case in a number of intertidal gastropods. A possible ex- 
planation for this could be that the majority of the snails 
on which the data are available are supralittoral littor- 
ines and limpets that spend as much or even more time 
out of as in the water. In regards to the effect of zonation 
on the respiratory rate, BANNISTER (1974) found that in 
Patella lusitanica the emerged rate was 3 times that of the 
submerged, while in the lower intertidal P caerula the 
difference was considerably less (emerged twice that of 
submerged ). Since the thaids do not feed while emerged, 
a higher respiratory rate while exposed would be ener- 
getically wasteful. In the supralittoral snails exposed to 
air as much as water, it might not be possible to reduce 
respiration due to the length of exposure. Considering the 
zonation differences between and within Thazs lamellosa 
and Th. emarginata populations, the same trend with zon- 
ation is evident. The percent increase in respiratory rate 
(from emerged to submerged conditions) for Th. emargin- 
ata (X =—736.9%) is significantly higher (P <0.05, 
paired t-test) than that of Th. lamellosa (K = 371.3%). 
Within the size classes of each species, small Th. emargin- 


ata (X =1100.3%) show a significantly greater (P< 


0.05, paired t-test) increases than the large snails (X = 
373.5%). A similar trend was seen in the size classes of 


THE VELIGER 


Vol. 19; No. 1 


Th. lamellosa (small 670.7%, large 71.9%), but the dif- 
ference was not significant (P < 0.10, paired t-test). 


Activity 


The rate of activity of marine organisms has been in- 
vestigated by studying cirral activity in barnacles (SouTH- 
warp, 1964), and general mobility in many species (see 
NEWELL, 1970 for review). In these studies, activity has 
been investigated in relationship to acclimation patterns, 


Activity in Centimeters per Hour 


fe) 5 10 15 20 25 30 
Temperature in Degrees Centigrade 


Figure 8 


Submerged activity (rate of crawling) for large (A, 3.98 + 0.284 
cm) and small (@, 2.31 + 0.457cm) size classes of Thais lamellosa 
and Thais emarginata (O, 2.21 + 0.476cm). The data were 
collected in July, 1974, and all groups were acclimated at 15°C 
for 24 hours. Vertical bars are the 95% confidence intervals. 
Activity rates were taken for all groups at 5°C intervals from 
o- 30°C, and when no point is shown, it indicates zero activity 


the effect of activity on respiratory rates, and activity as 
a function of time available to an organism to feed in in- 
tertidal organisms. These investigations have shown that 
temperature fluctuations of relatively short duration exert 
a profound effect on the rate of activity (SoUTHWARD, op. 
cit.; Fry, 1947), but prolonged exposure to high or low 
temperatures results in the development of compensatory 
changes in the activity rates (NEWELL, op. cit.). In the 
present study the mobility of Thais lamellosa and Th: 
emarginata is considered as a reflection of the effect of 
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temperature on the general physiological state of the 
snails. 

Submerged activity (Figure 8) over a 0 to 30°C range 
of Thais emarginata and small and large size classes of 
Th. lamellosa shows significant differences between the 3 
groups. All 3 groups are relatively inactive at 0°C. Be- 
tween 5°C and 20°C Th. emarginata’s activity is statis- 
tically (P < 0.05, ANOVA) temperature independent. 
Within this range, the Th. lamellosa size classes respond 
differently to the temperature changes. While the small 
Th. lamellosa activity does not differ significantly at any 
one temperature from Th. emarginata (P < 0.05, AN- 
OVA), the large Th. lamellosa activity drops to a value 
not significantly greater than zero (P < 0.05, ANOVA) 
at 20°C. At 25°C both Th. emarginata and small Th. 
lamellosa show drastically reduced activity and at 30°C 
Th. emarginata is the only group showing activity. 

Comparable results for the emerged thaids (Figure 9) 
show Thais emarginata exhibiting much more activity 
than either of the Th. /amellosa classes. Between the Th. 


Activity in Centimeters per Hour 


15 20 25 
Temperature in Degrees Centigrade 


Figure 9 


Emerged activity (rate of crawling) for large (A, 4.21 + 0.126 

cm) and small (@, 2.14 + 0.632cm) size classes of Thais lamel- 

losa and Thais emarginata (©, 2.018 + 0.632cm). Vertical bars 

are the 95% confidence intervals. Activity rates were taken for all 

groups at 5°C intervals from o-30°C, and when no point is 
shown, it indicates zero activity 


lamellosa size classes there is no difference (P < 0.05, 
ANOVA) in activity between 0 and 15°C, but at 20°C 
the small Th. /amellosa are still active in contrast to the 
large size class. 

In regards to activity as a reflection of the general 
physiological response of the thaids to temperature varia- 
tion, both submerged and emerged activity reflect the 
intertidal zonation and resulting habitat temperature re- 
gimes of the snails tested. Between the species the more 
exposed Thais emarginata display the widest range of 
activity, showing activity throughout the experimental 
temperature range. Intraspecifically the higher intertidal, 
small Th. lamellosa size class showed activity at higher 
temperatures after activity in the larger snails had ceased. 
Due to the fact that thaids are active predators in the 
intertidal zone, the effect of temperature on the rate of 
activity could have important ecological consequences, 
since foraging efficiency is probably directly proportional 
to the rate of movement. 


SUMMARY anp CONCLUSIONS 


1. Populations of Thais lamellosa and Th. emarginata 
exhibit intraspecific shore-level size gradient patterns 
which place the smaller individuals at the top of 
each species vertical range. In addition, the Th. 
emarginata population is found higher in the inter- 
tidal zone than the Th. Jamellosa population. On the 
basis of surface area to volume ratio considerations, 
the smaller thaids which are found in the most physi- 
cal stressful portion of each species range would be 
expected to be the most vulnerable to physical stress. 


2. The lethal thermal limits of the 2 thaids reveal inter- 


and intraspecific differences in their tolerances. The 
higher intertidal Thais emarginata show the greatest 
thermal resistance, and within the Th. lamellosa size 
classes the small snails have the highest thermal lim- 
its. Humidity is shown to be an important factor in 
the thermal limits and it is suggested that the smaller 
snails could possibly more effectively utilize evapora- 
tive cooling as a temperature regulating mechanism. 


3. The respiratory response to temperature increase in- 


dicated that the higher intertidal Thats emarginata 
and the small size class within each species displayed 
the most pronounced temperature independence. 


4. The highest temperatures at which Thais emarginata 


and small and large size classes of Th. lamellosa re- 
main active, over a 0 - 30° C temperature range, cor- 
relate to their natural distribution and consequential 
temperature regimes of their habitats. 
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5. Since both Thais lamellosa and Th. emarginata possess 
behavioral patterns, which establish and maintain 
their inter- and intra-specific zonation patterns (BERT- 
NESS, 1976), the adaptations to thermal stress de- 
monstrated in this paper probably do not play a 
major role in directly creating the observed distribu- 
tional patterns. Rather, the physiological adapta- 
tions found allow the populations to exhibit their 
inter- and intra-specific zonation difference. The 
major effect of temperature stress on the thaids prob- 
ably does not result from direct mortality, but from 
the sublethal effects of high temperatures that can 
cause coma, increased metabolic rate, and reduced 
mobility. All of these factors potentially could have a 
detrimental effect on the competitive ability of the 
snails and therefore strengthen and reinforce the 
zonation patterns that are behaviorally established. 
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INTRODUCTION 


DESPITE THE LARGE NUMBER Of studies on the feeding 
biology of deposit-feeding bivalves, questions concerning 
the dependence of growth upon sediment composition 
and the application of allometric relations for describing 
growth remain to be answered. To better understand the 
nutritional basis for growth of deposit-feeders, HYLLEBERG 
& Gattucct (1975) studied the feeding selectivity and 
growth of Macoma nasuta (Conrad, 1837), a deposit- 
feeding intertidal bivalve of the west coast of North 
America (Pox to, 1973). 

NEWELL (1965) worked with Macoma balthica (Lin- 
naeus, 1758) and demonstrated that the animals’ ener- 
getics are highly dependent upon the microorganisms 
which coat the surface of sand particles. Macoma nasuta 
is also capable of removing microorganisms from particle 
surfaces. A silt-clay environment is considered to be nutri- 
tionally richer because a given weight of fine silt-clay 
would have a greater surface area and thus microorganism 
content than that of a coarse sand. In addition to micro- 
organisms, detritus is selected for and makes, at its early 
stage of decomposition, some contribution to the nutrition 
of M. nasuta (HyLiEBerc « Gattucct, 1975). The sig- 
nificance of suspension feeding is incompletely known in 
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tellinaceans, although the possibility is often mentioned, 
e. g.. in BRAFIELD & NEwe i (1961). In M. nasuta the 
significance of suspension feeding was not determined 
(HyLieBerc & GALLUCGI, op. cit.). 

There is an extensive literature on growth in bivalves, 
some of which is quantified in the form of various types 
of mathematical growth models. Analytical growth 
models usually entail at least 2 parameters, a maxi- 
mum body size and a growth constant. If growth is 
noted by a linear measurement (e. g., length) the maxi- 
mum size would be Lx and the corresponding weight We. 
Growth rates in time could then be di(t)/dt and dw(t)/dt 
and the growth constant would be k. The well known von 
Bertalanffy model uses maximum sizes, growth rate and 
a third parameter tp (von BERTALANFFY, 1938) and other 
more elaborate models contain additional parameters 
(SouTHWARD & CHAPMAN, 1965; FLETCHER, 1974). 
However, the estimation and testing of parameters must 
be done with care to avoid problems associated with the 
fact that parameters may not be independent of each 
other (GaLLuccI & QUINN, in manuscript). 

This paper reports on comparative growth studies of 
Macoma nasuta in silt-clay and medium coarse sand at 
approximately the 0.0 tide line. Concurrent studies were 
done in the laboratory (HyLLEBERG & GALLuccl, 1975) 
where the proportion of the contribution to growth during 
different modes of feeding could be controlled. In contrast 
to analytical growth models, time (t) is not the independ- 
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ent parameter. Instead, the data are reported as weight 
(ash free) w(t) as a function of length /(t). The empir- 
ical, allometric model of the form w = al” shows that the 
maximum length is a critical parameter, as is the growth 
rate q = dw/dl. 


METHODS 


The field experiments were done in Garrison Bay, a 
small bay of San Juan Island in the San Juan Archipelago, 
Washington (Figure 1). The bay is approximately 3km 


open area 


Garrison Bay 


on 


2 closed area 


2 


Figure 1 


Garrison Bay, San Juan Island, Washington, USA 


long and 0.8km wide with a classic sediment profile: fine 
silt and clay substrate at the closed end where the anaero- 
bic layer is very near the surface and coarse sand at the 
open end. The experiment to evaluate growth consisted of 
burying 9 measured Macoma-nasuta in the open area of 
the bay and 9 in the closed area. In each set of 9, 3 were 
juvenile (pre-reproductive), 3 were in the mid-size range 
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and 3 had sizes near Le. The 9 clams in the closed area 
were selected from about 60 that were dug until the 
appropriate sizes were found. They were all dug from a 
region adjacent to where the 9 were buried. A similar ex- 
planation applies to the open area. Each clam’s length 
was measured and the clam was placed in a plastic 1-liter 
capacity container which was cut at the sides and bottom 
and covered with a 1mm window screen to allow water 


Figure 2 


Data Points and the Curve w = a |> from the Open Area 
Field Experiment (FO) 
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Ee, 


Figure 3 


Data Points and the Curve w = a? from the Closed Area 
Field Experiment (FC) 


transport across the boundary. Each container was filled 
with sediment from an adjacent location and buried flush 
to the sediment. All of the 9 containers were buried ad- 
jacent to each other and parallel to the water line in 
areas that visually appeared similar with respect to living 
and decaying algal cover (Enteromorpha intestinalis and 


Ulvoids). Therefore, differences in exposure to organics 
would largely be a consequence of sediment differences. 
Since sediment in the containers was sieved to remove 
possible competitors, any competition was due to epifaunal 
colonizers such as Transennella tantilla (Gould, 1853). 
After 40 days of growth, starting in mid-July, 1974, the 
clams were dug up and the lengths measured. Shell length, 
the longest possible postero-anterior distance, was meas- 
ured to within 0.1 mm with a vernier caliper. The ashfree 
weights of the animals that had been growing for 40 days 
were found by drying animal tissue for at least 24 hours 
at 80°C and burning at 550°C for 24 hours. It was de- 
termined that M. nasuta valves contain no more than 5 
mg of organic matter. Figures 2 and 3 contain the data 
points from field experiments on weight w(t) versus 
length /(t) axes for the open and closed areas, respectively. 

The differences in the particle size composition of the 
growing regions were quantified. Two sediment cores each 
were taken from the open and closed areas of the bay. 
The cores were dried at 100°C for 4 hours; the dried 
sediment was picked free of large organics, put on an 
automatic shaker and passed through a series of sieves of 
mesh sizes: 1.980, 0.495, 0.246, 0.124, 0.063mm. The 
sediment retained by each sieve and that passed through 
the 0.063 was weighed to get the percent of sediment in 
each size range. The averaged cumulative percentage 
weight curves of the 2 sediments are similar in shape but 
the closed end area always contains a silt-clay component 
at least 2 times larger by weight than the open end. 

The differences in the organic content of the 2 areas 
was found by loss on burning. Organic content of the 
sediment was determined by taking a sediment core from 
each area of the bay, freezing it for 4 days, removing the 
top 4cm from the cores, drying and burning as above. Loss 
on burning was calculated as loss/mg dry weight of sedi- 
ment. Sediment from the closed area contained twice as 
much combustible organics as sediment from the open area. 
Presumably much of the difference is due to there being 
a greater number of microorganisms and detritus in the 
sediment from the closed area of the bay. 

Salinity in the bay is relatively constant at about 28 to 
30%. during the primary growing time, but at specific 
“run-off areas” the salinity of the water that fills a hole 
dug in the intertidal zone may be as low as 16%. Neither 
growth study was in such an area. Water temperature in 
the open area is about 12°C and on warm sunny days it 
is about 2° C higher in the closed area. 

In late August an estimate of the average bivalve 
density (Macoma nasuta, M. inquinata, M. inconspicua 
(balthica), Protothaca staminea, and other large suspen- 
sion feeders) in each area of the bay in the vicinity of the 
growing site was found by digging a 1.5m x 25cmx 60cm 
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trench and sieving all sediment through a mesh size of 6 
mm, thus recovering most of the small size classes. The 
M. nasuta density in the open and closed areas was ap- 
proximately the same and, although the size-frequency 
distributions (Figure 4) are translated horizontally, they 
are similar. 


a 
9 
79 
77 Values 
5 
I 
02 14 22 go— «388 46 62 
b 
It 
85 
97 Values 
7 
5 
3 
I 
02 14 22 30 38 46 54 62 
Figure 4 


a. Size-frequency Curve of Macoma nasuta from the Open Area 
b. Size-frequency Curve of Macoma nasuta from the Closed Area 


Predicted growth curves of the form 

w =al? (1) 
were fitted to the field data plotted in Figures 2 and 3 and 
are the solid curves drawn in these figures. The allometric 
parameters, a and b, of the curves are in Table 1. These 
parameters for the field experiments in the open (FO) 
and the closed areas (FC) were statistically compared to 
each other. Similar statistical.comparisons of parameters 
a and b were done with the growth data from compatible 
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Table 1 


The values of allometric parameters and the 
corresponding asymptotic variances from studies 


done in the field in the open (FO) and closed(FC) areas 


Parameter Asymptotic Parameter Asymptotic 
Area a variance b variance 
Open (FO) 0.014084 0.010117 2.8655 0.19233 
Closed(FC) —° 0.30845 0.32049 2.0495 0.27526 


laboratory studies (HyLLEBERG & Gattucci, 1975) and 
are given in Table 2. The laboratory experiments were 
conducted simultaneously. The data from these studies 
are plotted on weight versus length axes in Figure 5 
(LO) and Figure 6 (LC) which correspond to labora- 
tory simulations of growth in the open and closed areas, 
respectively. The solid curves correspond to equation (1) 
with the estimated values of a and b. 


Table 2 


The values of allometric parameters and the 
corresponding asymptotic variances from studies done 
in the laboratory to simulate growth in the open (LO) 
and closed (LC) areas 


Parameter Asymptotic Parameter Asymptotic 
Area a variance b variance 
Open (LO) 0.06388 0.073293 2.4654 0.30307 
Closed (LC) 1.4604 4.4586 1.5948 0.82595 


The allometric parameters a and b for the laboratory 
and field experiments were also compared. The test of 
comparison is Rao’s Chi-Square Test (Rao, 1973: 389 
to 391). 

The non-linear equation (1) was fit using the least 
squares BMD X85 program on a CDC 6400. This par- 
ticular equation was used for 2 reasons: the experimental 
data are clearly of this form with no apparent inflection 
or turning points and because the equation, known as the 
allometric relation, has found wide application in growth 
studies of many organisms (BEVERTON & Hott, 1957; 
AvpricH, 1974). 
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Figure 5 Figure 6 
Data Points and the Curve w = a |? from the Open Area Data Points and the Curve w = a | from the Closed Area 
Laboratory Experiment (LO) Laboratory Experiment (LC) 


It is well known that the parameters a and b may be cal intercept and b to the slope. This method of estimating 
estimated from a log - log transformation of (1) and lin- a and b is common in early work but is now unacceptable 
ear regression. Parameter a would correspond to the verti- due to the bias which may be introduced by the trans- 
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formation (Grass, 1967; Zar, 1968). Non-linear regres- 
sion is preferable in this age of calculators and computers. 
Nevertheless, the transformation is a useful way to demon- 
strate the form of, and to compress, the data. 


RESULTS 


The growth data from the field experiments are in Fig- 
ures 2 and 3. If the solid curves calculated from (1) are 
superimposed an intersection is observed. The point of 
intersection is the value / = 1, which satisfies (see Table 1) 
0.308/7°8° — 0.014/7°% 

which is 1, = 43.94mm. That is, for values of /(t) 
which are less than /, the biomass w(/) at any allowable 
I-value is greater in the closed area, where the sediment 
is organically rich silt-clay, than in the open area. How- 
ever, the presence of an intersection implies that the rate 
of growth of biomass per unit length, dw/d/, must be 
greater in the open area for / < /,. If L»° is the maximum 
size of open area clams then, for 1; <1 < L«°, the w(/) 
of open area clams is greater than that of closed area 
clams. If L«° is the maximum size of closed area clams it 
is apparent from Figures 2, 3, 4 that Lx° > L«®. Thus 
dw/di is not simply a function of sediment type (or equi- 
valently, food availability) but must be a function of food 
availability and shell size, also. 

The derivate of w(t) with respect to/(t) is q. From (1) 

q = dw/dl = abi" 
Thus in the open area q=0.040/'*” and 
in the closed area q = 0.631/'° (see Table 1). 

Plots of q versus / for each area show that the curves 
intersect and that the rate of change of biomass with 
respect to length is almost linear in the closed area and 
almost quadratic in the open area. That is, the instant- 
aneous rate of change functions have the same form we 
attribute to them from arguments based on finite rates of 
changes in Figures 2 and 3. There is, of course, no need 
for the curves of w versus / to cross at the same value as 
the curves of q versus /. 

Curves fit from laboratory experiments (HYLLEBERG & 
Ga..ucct, 1975) using the same sediment types show the 
same qualitative behavior. The intersection of the curves 
in Figures 5 and 6 occurs at the / = /. which satisfies (see 
Table 2) 

0.064174 — 1.460/'59 
which is /2 = 36.40mm. Thus the laboratory studies show 
that closed area clams have a greater biomass than open 
area clams for / <1». This result is compatible with, but 
less than the values found in the field study. 

The comparison of the growth in different sediments 
in the field and in the laboratory is of more value when a 


quantitative statement can be made about the probabili- 
ty of these differences in parameter estimates occurring 
again. In Table 3 the results of a Chi-square test (Rao, 
1973: 389-391) are given and the estimates compared 
at the 99 and 95 percent probability levels. 


Table 3 


FO, FC, LO, LC are field study open area, field study 
closed area, lab study open area, lab study closed area. 
Rao Chi-square test is applied to estimates of parameters 
a and b using asymptotic variances. Parameters 
significantly different in the locations indicated at 
a = 0.05 are indicated by * and those different at 
a = 0.01 are indicated by **. 

Chi square values x?o.95 = 3.84, xo.01 = 6.64 


Null hypothesis Parameter Parameter 
Ho a b 
FO = FC 5.90* 44.59** 
LO = LC 0.88 8.81** 
FO =LO 4.08* 11.18** 
FC = LC 0.60 2.39 


The size frequency distributions of Macoma nasuta 
(Figure 4) taken in late August from each of the 2 areas 
show a tendency for larger (longer) animals to occur 
more frequently in the closed area where the larger peak 
is shifted to the right by about 3mm. The total number 
of these deposit feeding animals is, however, approxi- 
mately the same in both areas. 


Table 4 


Average change in length A/ over time 
for clams in field experiments 
in the open (FO) and closed (FC) areas 


Size range 
Area smallest mid largest 
Closed (FC) 4.1 0.40 0.15 
Open (FO) 2 0.70 0.60 
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The data on changes in length (A/) over the 40 day 
growing period in the field are given in Table 4 and show 
unambiguously that there is a greater growth in the 
closed area in the smallest size classes. Furthermore, the 
data from the largest size class, all clams which were 
greater than 43 mm, increased more over time in the open 
area than those in the closed area. 

We have used Lz to discuss the maximum size attain- 
able in a sediment type. However, we have not calculated 
values from the data because, by definition, L» corre- 
sponds to the value (in the von Bertalanffy model) where 
di//dt = 0, and reliable /(t) values are difficult to de- 
termine. 


DISCUSSION 


The data from both the field and laboratory studies 
are noisy in the mid-size ranges and less so at the extreme 
sizes. Furthermore, data from the richer closed, silt-clay, 
area generally have the greater variability which is de- 
monstrated in Tables 1 and 2 from the larger asymptotic 
variances in the parameter estimates of growth in the 
closed area. It can also be shown (Hylleberg, unpub- 
lished data) that cleaned valves collected in the silt en- 
vironment have a much greater variability about a re- 
gression curve of shell weight on length than valves from 
the coarser sand area. Increased variability in growth data 
may be related to the presence of increased numbers of 
some deposit feeding species who biogenically rework the 
sediment and some suspension feeders who modify the sur- 
face sediment by their presence (RHODES & Youn, 1970; 
ScHERBA & GaLLucci, 1976). The results of the latter 
study suggest that a sheltered silt-clay environment may 
act as a buffer against the extremes of seasonal fluctua- 
tions in abiotic variables. It is probable that such areas are 
more heterogeneous and thus contain a greater number of 
patches for deposit feeding animals. A possible conse- 
quence is an increase in the variability of growth data 
with the potential for generally larger growth. The fact 
that the curves in Figures 2, 3 and 5, 6 are qualitatively 
similar with the intersections occurring in comparable 
size ranges is further evidence that the reported growth 
characteristics are not artifacts. 

The exponent b in both laboratory and field studies is 
significantly different at a = 0.01 when values for the 
open and closed areas are compared. Although the co- 
efficient a in the laboratory study is not significantly 
different at either a level (in comparison of open and 
closed areas), a significant difference at the a — 0.05 level 
is found between the parameter values estimated from the 
2 areas in the field study (Table 3). The results from tests 


of significance are certainly influenced by the above noted 
higher asymptotic variances associated with the parame- 
ter a, evaluated in the closed area in the field and labor- 
atory data. 

The data from the histograms of size-frequency (Fig- 
ure 4) indicate that more Macoma nasuta in the closed 
area are in the largest size classes. Since the number of 
M. nasuta seems to be comparable in the 2 areas but the 
closed area animals generally have a greater biomass per 
shell length, intra-species competition for food cannot be 
eliminated. Similarly, inter-species competition among 
polychaetes and deposit-feeding bivalves other than M. 
nasuta cannot be eliminated. There is no evidence of pre- 
dation on larger sized M. nasuta. There is, however, the 
possibility of predation on animals in the 0-year class or of 
an indirect mortality such as trophic group amensalism 
(RuopEs & Younc, 1970) which would not reveal itself 
via large amounts of small, empty valves. These latter 
processes are considered as probable factors in the occur- 
rence or non-occurrence of species in a patch (GALLuccl, 
in preparation). Since our calculations indicate differen- 
ces in the abundance of food items in the 2 areas, 7. é., 
predominance of diatoms in the open, versus bacteria and 
detritus in the closed area, we are inclined to suggest this 
as an explanation for the observed growth behavior. Hyt- 
LEBERG & GaLLucci (1975) tried to confirm this sug- 
gestion by a simultaneous laboratory study where the 
growth value of food sources from the open and closed 
areas could be analyzed. However, problems associated 
with selective feeding by sorting in the mantle cavity pro- 
vided less than definitive results. In fact, MAURER (1969) 
reports a bivalve-length-sediment study in which the sizes 
of different species are positively correlated, negatively 
correlated and uncorrelated with the sediment particle 
size distribution. 

We show that deposit feeding Macoma nasuta have 
more biomass and add biomass/unit length more slowly 
in the organically richer closed area, for lengths less than 
about 43mm. This same population will grow larger on 
the average than open area clams and, for lengths greater 
than about 43 mm, biomass per unit length is added faster 
than for the open area clams. The data in Table 4 also 
show a decreased rate (with respect to time) of growth for 
large clams from the closed area as compared to the open 
area. These results indicate an environmentally related 
dependence between maximum size and dw/dl. Growth 
parameters L» and We are often estimated from each 
other using the allometric relation and Le» is often estima- 
ted by fitting the von Bertalanffy growth law (BEvERTON 
& Hott, 1957). However, it does not necessarily follow 
that dw/dl and di/dt are always related to each other in 
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a straightforward way analogous to the mathematical re- 
lationship of the chain rule derivative of w(t) with respect 
to t. Despite this, comparisons are made of populations’ 
growth or of environments’ capacity for growth using 
some of these quantifiable parameters and calculating 
the others. Our results indicate that, at least for deposit 
feeding bivalves, the biological relationships may be more 
complicated. The inter-relationships suggested here are 
usually masked in biomass versus time or length versus 
time studies, or both. 

The allometric relation (1) between biomass and length 
is a natural function to use to describe such data. The 
exponent values are between 2 and 3 as expected from 
arguments based on the relationships between biomass, 
volume and linear dimensions and from previous studies 
on marine fin fish (Beverton & Hott, 1957). Further- 
more, despite variability in the mid-range, the data also 
have this polynomial form. 

The estimated parameters a and b are, subject to the 
preceding, indicators of the conditions of growth the dif- 
ferent populations experience. If a and b could be esti- 
mated from growth over a single year, anomalies of that 
year’s growing conditions might govern the estimates. 
However, a and b are estimated from clams growing from 
1 to about 6 years, so anomalies tend to cancel (trends 
would not cancel). Since Macoma nasuta is a dominant 
animal in the mud flat community of Garrison Bay (GaL- 
LUCCI, in preparation) the parameters a and b may be 
considered as community indices whose stability is quanti- 
fiable. 


SUMMARY 


In this report we demonstrate the applicability of 
the allometric relation between biomass and length in 
Macoma nasuta, a deposit feeding bivalve, and statistical- 
ly test the null hypothesis of no difference in biomass ver- 
sus length curves for a population growing in a rich silt- 
clay environment and a population growing in a medium- 
coarse sand environment. The allometric parameters are 
shown to be statistically different, establishing that there 
is a difference in the way biomass increases with respect 
to valve length in each environment. 

The curves of biomass versus length in the 2 environ- 
ments intersect at 43mm. Biomass values in the richer 
environment are greater for lengths less than 43mm. The 
biomass values are greater in the sand environment at 
lengths between 43mm and the maximum length (ap- 
proximately 50mm). Rates of increase of biomass with 


respect to length are indicated. A size-frequency study 
demonstrates that there is a greater number of larger bi- 
valves in the richer environment. 

Simultaneous studies done in the laboratory (HyLuz- 
BERG & Gaxiucct, 1975) yield similar growth curves 
and generally confirm the field results. 

Both field and laboratory results point to increased vari- 
ability in silty environments which seems to translate to a 
greater heterogeneity with meaningful implications for 
understanding sediment inhabiting animals. 


ACKNOWLEDGMENTS 


We are grateful to A. O. D. Willows, Director of the 
Friday Harbor Marine Laboratories, for providing excel- 
lent research facilities. The cooperation of C. E. Lindsay 
of the Washington Department of Fisheries and S. J. 
Zachwieja of the National Park Service in establishing 
the research areas is gratefully recognized. We wish to 
thank T. Quinn for his assistance with the computer 
programming of the polynomial parameter estimates and 
the test of statistical significance. T. Quinn and B. J. Gal- 
lucci critically read the paper. J. Wood provided out- 
standing assistance with the field work and A. Siebert 
made early contributions in the field work. Financial sup- 
port from the Danish Research Council to J. Hylleberg 
and from the Washington Sea Grant Program (SG 61- 
8227) to V. Gallucci is gratefully acknowledged. 


Literature Cited 


ApricH, J. 
1974. Allometric studies on energy relationships in the spider crab 
Libinia emarginata (Leach). Biol. Bull. 147: 257 - 273 
Bzverton, R. « S. Hoxt 
1957. On the dynamics of exploited fish populations. 
Ser. II: 19. Her Majesty’s Stationery Office, London 
BERTALANFFY, LUDWIG VON 
1938. A quantitative theory of organic growth (inquiries on growth 
laws. II.). Human Biol. 10 (2): 181 - 213 
BraFieip, A. W. & G. E. NEwELi 
1961. The behaviour of Macoma balthica. 
U. K. 41: 81-87 
FretcuHer, R. 
1974, The quadratic law of damped exponential growth. Bio- 
metrics 30: 111-124 
Ga.iuccl, Vincent FE « T. QuINN 
(in prep.) Remarks on the use and misuse of a growth model. 
Guass, N. 
1967. A technique for fitting nonlinear models to biological data. 
Ecology 48: 1010 - 1013 
Hyiiesers, J. & Vincent FE Gatiucci 
1975. Selectivity in feeding by the deposit-feeding bivalve Macoma na- 
suta. Mar. Biol. 32 (2): 167 - 178 
Maurer, Don 
1969. Pelecypod-sediment association in Tomales Bay, California. 
The Veliger 11 (3): 243 - 249; 1 text fig. (1 January 1969) 


Fish Invest., 


Journ. Mar. Biol. Assoc. 


Vol. 19; No. 1 


THE VELIGER 


NEWELL, RicHARD CHARLES 
1965. The role of detritus in the nutrition of two marine deposit feed- 
ers, the prosobranch Hydrobia ulvae and the bivalve Macoma balthica. 
Proc. Zool. Soc. London 144: 25 - 45 
PonH1o, Ross H. 


1973. Feeding and associated functional morphology in Tagelus cali- 
fornianus and Florimetis obesa (Bivalvia: Tellinacea). Malacologia 
12: 1-11 
Rao, C, 
1973. Linear statistical inference and its applications. John Wiley 


and Sons, Inc., New York. 625 pp. 
Ruopes, D. « D. Younce 
1970. The influence of deposit feeding organisms on sediment stability 
and community structure. Journ. Mar, Res, 28: 150-178 
ScHersa, S. & VINCENT F Gatiuccr 
1976. The application of systematic sampling to a study of infauna 
variation in a soft substrate intertidal environment. The Fishery 
Bull. 
SoutHwarp, G. « D. CHAPMAN 
1965. Utilization of Pacific halibut stocks: study of Bertalanffy’s growth 


equation. Int. Pacif. Hal. Comm. Rep. 39 
Zar, J. 
1968. Calculation and miscalculation of the allometric equation as a 


model in biological data. BioScience 18: 1118-1120 


Page 67 


Page 68 


THE VELIGER 


Vol. 19; No. 1 


A New Homalopoma from Southern California 


Resembling Parviturbo acuticostatus: 
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For THE LAST SEVERAL YEARS the Invertebrate Zoology 
Section of the Los Angeles County Museum of Natural 
History has been giving special attention to marine mol- 
lusks in the minute to microscopic size range, particularly 
from subtidal rocky areas where systematic collecting was 
virtually impossible prior to the advent of SCUBA diving 
as a collecting method. As a result of these efforts sub- 
stantial numbers of specimens of many undescribed or 
poorly known subtidal species are now available and with 
study may provide answers to many perplexing questions. 
So it is with the species dealt with in this paper. 
Parviturbo acuticostatus (Carpenter, 1864) (family 
Skeneidae) and Homalopoma radiatum (Dall, 1918) (= 
Leptothyra paucicostata var. fenestrata Dall, 1919 ex 
Bartsch MS) (family Turbinidae), two quite unrelated 
species, have long been confused in the literature, as an 
examination of their synonymies will attest. This confu- 
sion was no doubt contributed to by the inadequacy of 
the original descriptions but seems to me to be more basic 
than that. The discovery of a previously unrecognized, 
though not rare, species of Homalopoma, virtually identi- 
cal in size, shape, color and sculpture with Parviturbo 
acuticostatus may provide a convincing explanation of this 
confusion. The new species is separable from many speci- 
mens of P. acuticostatus only on generic and familial char- 
acters easily missed if not specifically looked for. This 
similarity may be the result of mimicry, an interesting ad- 
aptation for survival found in a number of species of 
animals, most notably the insects, but apparently little 
known in the Mollusca. Although it cannot be stated 
with certainty whether P acuticostatus or the new Homa- 
lopoma are exhibiting true mimicry, parallel evolution, 


or coincidental convergence, the circumstantial evidence 
provided by shell characters and geographic distribution 
suggests the first. The new species is also very similar to 
H. radiatum, the species to which it is most closely related, 
and from which it differs chiefly in quantitative charac- 
ters. 

The first suggestion of the discovery arose when I ob- 
served, during routine sorting of specimens from a sub- 
tidal Catalina Island station, that Homalopoma radiatum 
and Parviturbo acuticostatus appeared to intergrade. The 
improbability of this spurred a thorough examination of 
these species in the Museum collection and led to the iso- 
lation of 103 specimens of a new species from 32 differ- 
ent stations. The new species had been intermixed and 
about equally divided between the 72 lots of Parviturbo 
acuticostatus and 56 lots of Homalopoma radiatum in 
the collection, which in itself is suggestive of its similarity 
to both. Although it is easily separable from Parviturbo 
by qualitative generic characters, a statistical evaluation 
was necessary to establish objective criteria for separating 
it from H. radiatum. Descriptions and figures of the 3 
species are given here to facilitate their correct determina- 
tion. A statistical comparison of the new species with H. 
radiatum, and the evidence relating to mimicry will be 
found in the discussion that follows the description of 
the new species. 

I wish to gratefully acknowledge the help and en- 
couragement received from Dr. James H. McLean during 
the preparation of this paper, from suggesting the name 
for the new species to reading and criticizing the drafts. 
I also wish to thank Mr. Bert Draper for taking the photo- 
graphs of the Los Angeles County Museum specimens and 
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Dr. McLean for photographing holotypes in the United 
States National Museum and California Academy of 
Sciences. 

Institutions mentioned in the text and their abbrevia- 
ations are as follows: 


LACM Los Angeles County Museum of Natural His- 
tory 

LACMIP Invertebrate Paleontology Section, Los An- 
geles County Museum of Natural History 

CAS California Academy of Sciences, San Fran- 
cisco 

USNM United States National Museum (Smithson- 


ian Institution) 


Parviturbo acuticostatus (Carpenter, 1864) 
(Figures 2, 1] - 18, 24, 25, 27, 28) 


Liotia acuticostata Carpenter, 1864 (July, fide Daur, 1909): 
159 (lectotype [designated by Patmer, 1958: 146] US 
NM 16282, Catalina Island, California, 10-20 fms.). 
— CarpEenTER, 1864 (August): 612 (list), 652 (descrip- 
tion); (reprint 1872: 98, 138).—Oxproyp, 1927, 2 
(3): 170 (in part).—Strone, 1934: 437; plt. 29, figs. 
7-9.—(not Tryon, 1888, 10: 109; pit. 36, fig. 1 = 
Homalopoma radiatum (Dall, 1918) ). 

Fossarus angiolus Dati, 1919: 350 (Holotype USNM 271503, 
Todos Santos Bay, Baja California). — Oxproyp, 1927, 
2 (3): 70. 

“TLiotia acuticostata bristolae Baker, 1929” — Strone, 1934: 
438; plt. 29, figs. 13-15 (not Baxer, 1929). 

Arene acuticostata (Carpenter, 1864).— Burcu, 1946, #57: 
25, 26 (distribution list). — PaLMeER, 1958: 146; plt. 19, 
figs. 12, 13 (lectotype). 

Parviturbo acuticostatus (Carpenter, 1864). — McLean, 1969: 
23; fig. 9.6. — McLean in Keen, 1971: 343; fig. 121. 


Description: Shell small, globose, uniformly white, 3 
whorled, narrowly umbilicate; sculpture of 2 spiral cords 
per whorl visible on the spire, 6 evenly spaced spiral cords 
on the body whorl plus one on the umbilical wall; axial 
sculpture of fine, sharp, closely spaced lamellae between 
the spiral cords on the spire, becoming more or less obso- 
lete on the body whorl of the adult, where they are re- 
placed in many specimens from north of Latitude 29°N 
in central Baja California by more widely spaced, broad, 
rounded axial ribs on the upper part of the whorl, form- 
ing squarish pits; aperture circular, outer lip thickened 
and slightly constricted in the adult, interior porcelaneous; 
operculum chitinous, multispiral, 5 to 6 whorled, light 
brown. 


Dimensions of Adults: height 2.1 - 2.8mm; modal height 
2.6mm; width 2.1 - 2.9mm; modal width 2.7 mm. 
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Distribution: Aumentos Rock, Monterey Peninsula, Ca- 
lifornia (LACM sta. 72-90, 36°38’N; 121°55’/12”W) 
south to Cabo San Lucas, Baja California (LACM sta. 
66-12, 22°08’N; 109°54’W) and into the Gulf of Cali- 
fornia as far as Isla Cerralvo, near La Paz, Baja Califor- 
nia (LACM sta. 66-25, 24°10’N; 109°55’W) and in- 
cluding all of the southern California Channel Islands and 
offshore banks (numerous LACM stations) and Isla 
Guadalupe, Baja California (LACM sta. 65-42, 29°00’ 
N; 118°02’ W, and other stations), intertidal to 100m on 
rock and gravel bottoms. Specimens referred to this spe- 
cies by Strone (1934: 438) under the name L. a. bristo- 
lae from the Gulf of California are undoubtedly Parvi- 
turbo stearnsi (Dall, 1918), which differs chiefly in having 
3 spiral cords in the early whorls instead of 2 (see McLEAN 
in KEEN, 1971: 345; fig. 124). 


Fossil Occurrence: Upper Pliocene: San Diego Forma- 
tion (LACMIP localities 305 and 305A). Lower Pleisto- 
cene: Lomita Marl (LACMIP Localities 64 and 435). 
Upper Pleistocene: Palos Verdes Sand (LACMIP Locali- 
ties 66-2, 136 and 4685). 


Homalopoma radiatum (Dall, 1918) 
(Figures /, 3-6 and 19 - 23; Tables 1 -3) 


“Liotia acuticostata Carpenter.” — Tryon, 1888, 10: 109; 
pit. 36, fig. 1 (not Carpenter, 1864). 

Liotia acuticostata var. radiata DaLt, 1918: 8 (Holotype US 
NM 223291, off South Coronado Island, Baja California). 

Leptothyra paucicostata fenestrata Datt, 1919: 358 (ex 
Bartsch MS; Holotype USNM 193796a, Monterey, Cali- 
fornia). 

Liotia acuticostata radiata Dall, “1919” — Dat, 1921: 173 
(list) —Oxproyp, 1927, 2 (3): 170. 

Leptothyra paucicostata fenestrata “Bartsch,” 1919.— Da tt, 
1921: 172 (list). — Oxproyp, 1927, 2(3): 168 (type 
locality cited incorrectly as “Tiajuana, Lower Califor- 


nia’). 
Liotia acuticostata bristolae BAKER, 1929: 72 (unnecessary 
replacement name for L. a. radiata Dall, 1918).— (not 


Strone, 1934: 438; plt. 29, figs. 13-15 = Parviturbo 
acuticostatus (Carpenter, 1864) ). 

Liotia acuticostata supranodosa Stronc, 1934: 438 (ex Car- 
penter MS; Holotype CAS 5472, San Diego, California). 

Homalopoma fenestratum [(Dall)].— Keen, 1937: 37 (list). 

Homalopoma paucicostatum fenestratum (“Bartsch,’ 1919). 
— Burcu, 1946, #57: 23 (distribution list) . 

Arene acuticostata var. supranodosa (Strong, “1933”).— 
Burcu, 1946, #57: 25 (distribution list). 

Arene acuticostata var. bristolae (Baker, 1929).— Burcu, 
1946, #57: 26 (distribution list) . 

Homalopoma supranodosum (Strong). — Kren, 1947:1 

Homalopoma fenestratum (Dall, 1919).— McLean, 1969: 
24; fig. 10.4. 
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Homalopoma radiatum (Dall, 1918).—SmirH « CarxTon, 
1975: 503 (list). 


Description: Shell small, globose, imperforate; color 
variable from white with minute flecks of pink on the 
spiral cords to solid pink and brown, with most specimens 
having easily visible spots or blotches of pink and brown 
on a white ground; nucleus smooth, one whorled; post 
nuclear whorls 34; sculpture of 2 spiral cords visible per 
whorl on the spire, 7 evenly spaced spiral cords on the 
body whorl, the 7" (basal) cord usually broader than the 
6"; axial sculpture of short rib segments on the upper 
part of the last 1 to 12 whorls creates 2 rows of strong 
quadrilateral pits between the 1* and 3™ spiral cords, 
weaker pits are occasionally visible below the 3™ spiral 
cord; aperture circular, outer lip thickened and slightly 
constricted in adults; interior nacreous, iridescent pink 
and green in fresh specimens; columella with strong node 
at base, 2 additional nodes, one at the top of the columella 
and one on the lower lip are visible on most adult speci- 
mens; operculum calcareous, multispiral, 5 - 7 whorled, 
nucleus central, outer surface granular, translucent white. 


Dimensions of Adults: height 2.8 to 3.9mm; modal 
height 3.3mm; width 2.9 to 3.9mm; modal width 3.4mm 
(a statistical summary and analysis of the variation of 
selected characters will be found in the discussion that 
follows the description of the new species). 


Distribution: Aumentos Rock, Monterey Peninsula, Ca- 
lifornia (LACM sta. 72-90, 36°38’N; 121°55’12” W) 
south to Sacramento Reef, south of Isla San Geronimo, 
outer coast of Baja California (LACM sta. 71-91, 29° 
43/42” N; 115°45’36” W), including all of the southern 
California Channel Islands and offshore banks (numerous 
LACM stations). Subtidal to 100m, on rock and gravel 
bottom, rarely intertidal. 
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Fossil Occurrence: Upper Pliocene: San Diego Forma- 
tion (LACMIP localities: 305, 305A, 305C, 318, 319, 
and 323); Fernando Formation (LACMIP Locality 
1219). Lower Pleistocene: Lomita Marl (LACMIP Lo- 
calities 64 and 435). 


Taxonomic Discussion: Because of the confusion sur- 
rounding the nomenclature of this species and the number 
of synonyms under which it has been known, I am rein- 
stating the earliest available name for the species, Homalo- 
poma radiatum (Dall, 1918), despite the fact that it had 
been unnecessarily suppressed as a secondary homonym. 
This new use of the oldest name has already been adopted 
by Carlton in SmirH & Cartton (1975). 

Liotia acuticostata var. radiata Dall, 1918, was sup- 
pressed by Baker (1929: 72) as a junior homonym of 
Delphinula radiata Kiener, 1839 (p. 7; plt. 4, fig. 9). 
Kiener’s taxon is a junior synonym of Arene cruentata 
(Mihlfeld, 1829), a Caribbean species and type species of 
Arene H. & A. Adams. In 1888, Tryon (10: 111) allo- 
cated Kiener’s taxon to Liotia “section” Arene, and Ba- 
ker, noting this, apparently suppressed Dall’s name on 
purely nomenclatural grounds, without realizing that 
Dall’s name applied to Homalopoma. 

Arene radiata (Kiener, 1839) and Homalopoma radi- 
atum (Dall, 1918) are secondary homonyms (originally 
described in different genera) and are no longer in the 
same family. 

The International Rules of Zoological Nomenclature 
direct the revival of secondary homonyms rejected after 
1960, if the two species in question are no longer believed 
to be congeneric. However, the Rules offer no directions 
concerning secondary synonyms rejected before that date, 
apparently leaving the decision of whether to revive an 
earlier name to the judgment of individual authors. De- 
spite the current use of a junior synonym, Homalopoma 
radiatum is not so familiar to biologists that reinstatement 


Explanation of Figures 3 to 18 


(All Figures X 15) 


Figures 3 to 6: Homalopoma radiatum Dall, 1918. LACM 69-34, 
Cortez Bank, 66km SW San Clemente Island, Los Angeles, Cali- 
fornia (32°26’N; 119°07’30”W), 12-27m on granite cliffs and 
boulders. Leg. J. H. McLean, October 4 and 5, 1969. Height 3.4 
mm; width 3.5mm 

Figures 7 to 10: Homalopoma mimicum LaFollette, spec. nov. Hol- 
otype LACM 1765. LACM 71-148; 64 fm bank, 6.4km SW Isla San 
Martin, Baja California (30°25/23”N; 116°08'12”W), 24-30m 


on volcanic rubble. Leg. J. H. McLean, October 17, 1971. Height 
2.6mm; width 2.7mm 

Figures 11 to 18: Parviturbo acuticostatus (Carpenter, 1864). Fig- 
ures 1] - 14: Pitted form. LACM 71-97, Sugarloaf Rock, Descanso 
Bay, Baja California (32°13/18”N; 116°58’W), 27 to 33m on 
talus slope. Leg. J.H. McLean, October 1, 1971. Height 2.5mm; 
width 2.5mm. Figures 15-18: Unpitted form. LACM 66-12, Cabo 
San Lucas, Baja California (22°52’N; 109°54’W), 7-30m on 


" rocks and coarse sand. Leg. J. H. McLean & P.M. Oringer, April 
3 and 4, 1966. Height 2.4mm; width 2.3mm 
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of the original name would be a hardship. I believe that 
in this case reinstatement of the earliest name will con- 
tribute to nomenclatural stability and am therefore taking 
this action. 


Homalopoma mimicum LaFollette, spec. nov. 


(Figures 1, 2, 7 - 10, and 26; Tables 1 - 3) 


Description of Holotype: Shell small, globose, imper- 
forate, uniformly white; nucleus smooth, one whorled; 
post-nuclear whorls 34, demarcated from the nucleus by 
the abrupt beginning of spiral sculpture; sculpture of 2 
spiral cords visible per whorl on the spire, 7 spiral cords 
on the body whorl, the 1* subsutural cord emerging on 
the last 3 turn; the 1% 6 spiral cords strong and evenly 
spaced, the 7” (basal) cord much weaker and close to 
the 6"; axial sculpture of short rib segments appearing 
near the suture on the last $ whorl, giving an undulating 
appearance to the 1* and 2™ spiral cords and forming 
squarish pits between them, weaker pits visible between 
the suture and the 1* spiral cord, pitting absent below the 
2°4 spiral cord; aperture circular, outer lip thickened 
and somewhat constricted; interior nacreous, iridescent 
pink and green, the iridescence weakly visible externally 
between the spiral cords; columella with a strong node 
near the base, a weaker one above and a 3” on the lower 
lip; operculum calcareous, multispiral, 6 whorled, nucleus 
central, outer surface somewhat granular, translucent 
white, showing light brown through from the inside. 


Dimensions: height 2.6mm; width 2.7mm. 


Type Material: Holotype LACM No. 1765; 5 paratypes 
LACM No. 1766; 1 paratype USNM. 


Type Locality; LACM sta. 71-148, 6} fathom bank, 
6.4km SW of Isla San Martin, Baja California 
(30°25’23”N; 116°08’12”W), 24-33m on volcanic 
rubble, leg. James H. McLean, 17 October 1971 (R/V 
Searcher sta. 222). Holotype and 6 paratype specimens. 


Variation: 42 adult specimens varied as follows: Post- 
nuclear whorls 3 to 34; spiral sculpture of 7 cords on the 
body whorl, the 7" (basal) cord varying from obsolete 
or very weak to equal in strength to the adjacent (6°) 
spiral cord; axial sculpture of short rib segments near the 
suture appearing on the final 4 to 1 full whorl, forming 
squarish pits between the 1* and 2" spiral cords in all 
specimens, weaker pits between the suture and 1* spiral 
cord in 50% of the specimens, and much weaker pits 
between the 2™ and 3™ spiral cords in 10% of the speci- 
mens; a prominent node at the base of the columella is 


THE VELIGER 


Page 71 


present in all specimens, a 2"4 node above it, at the point 
where the 6™ spiral cord enters the aperture, and a 3” 
node on the lower lip are visible in most fully mature 
specimens; all specimens show a definite adult stage 
with the outer lip thickened and somewhat constricted. 


Dimensions of 50 adult specimens: Height 2.1 - 2.9 
mm; modal height 2.4mm; width 2.2 -2.9mm; modal 
width 2.5mm (a statistical summary and analysis of the 
variation of selected characters will be found in the dis- 
cussion) . 


Distribution: Off Point Pinos, Monterey Peninsula, Ca- 
lifornia (LACM sta. 64-14, 36°38’N; 121°58’W) south 
to Sacramento Reef, south of Isla San Geronimo, outer 
coast of Baja California (LACM sta. 71-91, 29°43’42” 
N; 115°45’36” W), including all of the southern Califor- 
nia Channel Islands and offshore banks (numerous LAC 
M stations). Subtidal to 100m, on rock and gravel bot- 
toms, rarely intertidal. 


Fossil Occurrence: Lower Pleistocene: Lomita Marl 
(LACMIP Locality 435, 136 specimens). Upper Pleisto- 
cene: Palos Verdes Sand (LACMIP locality 4685, 1 spe- 
cimen). The Lomita Marl specimens differ from the Re- 
cent ones in being slightly larger on the average and in 
the 7 (basal) spiral cord being obsolete in all speci- 
mens examined. 


Discussion: Adults of Homalopoma mimicum, the smal- 
lest of the eastern Pacific species of the genus, may easily 
be distinguished from Parviturbo acuticostatus by several 
qualitative characters. Adults of H. mimicum are imper- 
forate, have a node at the base of the columella, a nacre- 
ous interior and a calcareous operculum, while P acuti- 
costatus has an umbilicus, lacks the node, has a porcel- 
aneous interior and a chitinous operculum. Homalopoma 
mimicum lacks the fine axial lamellae between the spiral 
cords on the juvenile whorls typical of P acuticostatus. 
Additionally, the squarish pits which characterize H. 
mimicum are lacking or faint in 20-80% of the speci- 


. mens of P acuticostatus in their area of range overlap. 


The juveniles of Homalopoma mimicum are somewhat 
more difficult to distinguish as they are umbilicate; the 
columellar node is much less prominent; and the pitting, 
characteristic of the adult, may not yet have developed. 
The absence of axial lamellae, the presence of interior 
nacre, and the calcareous operculum should enable deter- 
mination of live collected or well preserved specimens, 
however. 

Homalopoma radiatum may be distinguished from 
Parviturbo acuticostatus by all of the above characters in 
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addition to being considerably larger and having pink or 
brown, or both, color markings. 

Separation of Homalopoma mimicum from H. radia- 
tum, the species to which it is most closely related, may be 
rather more difficult in some cases. The 4 characters on 
which I have separated them: size, color pattern, distri- 
bution of pitting, and relative strength of the basal spiral 
cord, all overlap to a limited degree and must be exam- 
ined in concert to reliably distinguish borderline cases. 
Fortunately, these characters seem to vary independently 
so that the probability of a specimen being indeterminate 
on all 4 characters is extremely small. 

A sample of 57 adult specimens of Homalopoma radi- 
atum from the LACM collection was statistically analyzed 
and compared with the 42 adult specimens of H. mimi- 
cum on hand. (After the analysis was completed, another 
8 adults of the new species were added to the collection. 
These have been incorporated in the data on size and 
color only.) All unbroken adult specimens in the selected 
lots of H. radiatum were used for analysis, regardless of 
condition,so that the data would be as representative of 
typical museum specimens as possible. The lots used were 
systematically selected from throughout the range of H. 
radiatum, even though no geographic variation has been 
observed in either species. 


Size: The most obvious difference between the 2 species 
is size, the modal (most common) height and width for 
Homalopoma mimicum being 2.4 and 2.5mm, while H. 
radiatum has a modal height and width of 3.3 and 3.4mm, 
40% higher and more than twice the volume. The size 
distribution of each species is graphically represented in 
Figure 1. To simplify presentation, the following calcula- 
tions are based on thearithmetic mean of height and width 
for each specimen, which I will call size. 

H+W 

2 


size = 
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Figure 1 
Size Distribution of Adult Specimens of Homalopoma mimicum 
and Homalopoma radiatum by Height and Width 


The mean size for H. mimicum is 2.518mm with a 
standard deviation of 0.148mm; the mean size for H. radi- 
atum is 3.334mm with a standard deviation of 0.208mm. 
The difference between the mean sizes of the 2 species is 
highly significant (Z 9.94), and the standard devia- 
tions also differ significantly (a = 0.01; Far seo == 1.98). 
The optimal size dividing point between the 2 species is 
2.86mm (2.29 standard deviations from each mean). Based 
on this dividing point, the index of predictive association 


Explanation of Figures 19 to 28 


(All Figures X 15) 


Figures 19, 20: Liotia acuticostata var. radiata Dall, 1918 [= Ho- 
malopoma radiatum (Dall, 1918)]. Holotype USNM 223291, off 
South Coronado Island, Baja California. Height 3.4mm; width 
3.5mm 

Figures 21, 22: Leptothyra paucicostata fenestrata Dall, 1919 [= 
Homalopoma radiatum (Dall, 1918)]. Holotype USNM 193796a, 
Monterey, California. Height 3.5mm; width 3.7mm 

Figure 23: Liotia acuticostata supranodosa Strong, 1934 [= Ho- 
malopoma radiatum (Dall, 1918) ]. Holotype CAS 5472, San Diego, 
California. Height 3.6mm; width 3.7mm (Srronc, 1938) 

Figures 24, 25: Liotia acuticostata Carpenter, 1864 [=Parviturbo 


acuticostatus (Carpenter, 1864)]. Lectotype USNM 16282, Cata- 
lina Island, California, 18-36m. Height 2.8mm; width 2.7mm 
(CarPENTER’s (August 1864) published dimensions are “Long. 0.12, 
... Lat. 0.10, ...” = height 3.0mm; width 2.5mm) 

Figure 26: Homalopoma mimicum LaFollette, spec. nov. Paratype 
LACM 1766, Sta. LACM 71-148. Showing operculum. Height 2.5 

width 2.6mm 

Figures 27, 28: Fossarus angiolus Dall, 1919 [=Parviturbo acuti- 
costatus (Carpenter, 1864) ]. Holotype USNM 271503, Todos San- 
tos Bay, Baja California. Height 2.5mm; width 2.2mm [Datt’s 
(1919) published dimensions are: height 2.25mm; width 1.75mm] 
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(Ay) is 0.98, meaning that adult specimens of these 
species may be correctly distinguished on the basis of size 
alone with 98% certainty, using 2.86mm as the dividing 
point. Another way of expressing this is that 98% of adult 
specimens below 2.86mm in size will be H. mimicum and 
98% of those above will be H. radiatum. Similar results 
were achieved from the standard deviation: 
1-[p(Z<-2.29) + p(Z2>+2.29)] = 0.978. 


Color: Color is the second obvious difference between 
the 2 species. Homalopoma mimicum is uniformly white 
without any indication of pigmented spots, while all 
fresh specimens of H. radiatum (more than 200 exam- 
ined) exhibit at least minute flecks of pink on the spiral 
cords and most have easily seen spots or blotches of pink 
or brown. One specimen was solid pink and brown. How- 
ever, all traces of color were lost on several specimens as 
a result of abrasion or fading, and a fresh pure white 
specimen may eventually be found as the pink flecks on 
a few specimens were so small as to be visible only by 
careful microscopic examination. Table 1 gives the statis- 
tical distribution of color variation. The X? test of sig- 
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nificance on a truncated version of this table indicates that 
the results are highly significant (X?a1i1 = 92.8). The 
index of predictive association (Asx) is 0.92, meaning 
that there is a 92% probability of correctly determining 
species on the basis of color alone. 


Pitting: Both Homalopoma mimicum and H. radiatum 
have axial riblets that form squarish pits between the 
spiral cords on the upper part of the body whorl. These 
riblets are shorter on H. mimicum so that pitting below 
the 2" spiral cord from the suture, typical of H. radiatum, 
is rare. When it does occur, it is much weaker than be- 
tween the 1 and 2™ spiral cords. In H. radiatum the 
strength of pitting between the 1*t and 2"? and 2" and 34 
spiral cords is approximately equal. The distribution of 
pitting on the specimens examined is summarized in Table 
2. A X? test of significance on a modified version of this 
table indicates that the results are highly significant 
(X%at » = 83.1). The index of predictive association (yx) 
is 0.90, meaning that there is a 90% probability of cor- 
rectly determining specimens on the basis of the distribu- 
tion of sculptural pits alone. 


‘Table 1 


Distribution of specimens of Homalopoma mimicum and Homalopoma radiatum 
by variation in color pattern 


White Minute Solid or 

Species (no color) flecks Spots Blotches nearly solid Total 

Homalopoma mimicum 100% 0 0 0 0 100% 
(N = 50) 
Homalopoma radiatum 7%! 28% 47% 14% 4% 100% 
(N = 57) 
'Specimens worn or faded. 
Table 2 


Percentage of specimens of Homalopoma mimicum and Homalopoma radiatum 
showing “pits” between various pairs of spiral cords 


Pits present between spiral cords: 


Species land 2 2 and 3 
Homalopoma mimicum 100% 10%! 
(N = 42) 
Homalopoma radiatum 100% 100% 
(N = 57) 


3 and 4 4and 5 5 and 6 
0) 0 0) 
14% 2%! 0) 


'Pitting very weak. 
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Table 3 


Distribution of specimens of Homalopoma mimicum and Homalopoma radiatum 
by relative strength of the seventh spiral cord as compared to the sixth 


Much weaker Noticeably 
Species or obsolete weaker . 
Homalopoma mimicum 39% 35% 16% 
(N = 42) 
Homalopoma radiatum 0 7 
(N = 57) 


Slightly 
weaker 


Slightly Much 
Equal stronger stronger Total 
10% 0 0 100% 
2% 28% 70% 100% 


Basal Cord: The final character that I analyzed statis- 
tically was the relative strength (or width) of the basal 
cord, the 7" spiral cord from the suture on the body whorl. 
In comparing it with the adjacent (6") spiral cord I 
found that it is typically weaker on adult specimens of 
Homalopoma mimicum and stronger on H. radiatum. The 
results are presented in Table 3. The X? test on a truncated 
version of the table found the results highly significant 
(X*at » = 96.0). The index of predictive association (Ay) 
is 0.98, meaning that specimens may be determined with 
98% certainty on the basis of the relative strength of the 
7® spiral cord, when all specimens with that cord equal to 
or weaker than the 6" are considered H. mimicum and 
those with the 7" spiral cord stronger than the 6", H. ra- 
diatum. 

Another character that was observed to differ between 
Homalopoma mimicum and H. radiatum, but which 
was not quantifiable with sufficient precision to make sta- 
tistical evaluation worthwhile, was the number of whorls 
of pitting visible on the adult specimens. The pitting usu- 
ally starts off somewhat falteringly, making the starting 
point rather difficult to pinpoint. However, H. mimicum 
usually has less pitting than H. radiatum, usually having 1 
whorl or less of pitting (most frequently about 2 whorl) 
while H radiatum normally has 1 whorl or more (most fre- 
quently about 14 whorls). 

I found that size and color are the easiest characters to 
use in sorting Homalopoma mimicum and H. radiatum 
when these species are both present in a station, an exami- 
nation of other characters being necessary only in border- 
line cases. 

One final point that needs discussion is the possibility 
that Homalopoma mimicum and H. radiatum are di- 
morphs of the same species, sexual or otherwise. The 
identity of their ranges and the fact that 89% of the 
stations containing specimens of H. mimicum also con- 
tain specimens of H. radiatum suggest this possibility ; 
while the extreme fluctuations in the relative proportions 


of these species in different stations, independent of geo- 
graphic or bathymetricrange, and the fact that only 47% 
of the stations containing H. radiatum also contain H. 
mimicum suggest that they are different species. 


Discussion of Mimicry: There are several bits of evi- 
dence that support the hypothesis of mimicry and suggest 
that if mimicry is taking place, it is Parviturbo acuticosta- 
tus that is the mimic. There is also some evidence against 
mimicry. 

The range of Homalopoma mimicum, as known at 
present, falls entirely within the northern half of the range 
of Parviturbo acuticostatus. Both have their northern 
range limit in the Monterey area, H. mimicum extending 
about 800km south to Sacramento Reef, about 4 of the 
way down the outer coast of Baja California, while P 
acuticostatus extends almost another 800km to the La Paz 
area. 

The presence of pitting between the spiral cords on the 
upper part of the body whorl, typical of Homalopoma 
mimicum, is a variable character in Parviturbo acuti- 
costatus, the pitted form comprising 0 to 84% of the 
specimens in different portions of the geographic range. 
The pitted form is totally confined, however, to the area 
of range overlap with H. mimicum. In the southern half 
of the range of P acuticostatus, south of the southern 
range limit of H. mimicum, no specimens were found 
that show even the faintest trace of pitting, while in the 
area of range overlap no sizable sample was found that 
lacked pitting in at least some specimens. Additionally, 
the area with the highest incidence of easily visible pit- 
ting is in southern California, between 32° and 34° N, the 
center of the range of H. mimicum. The geographic dis- 
tribution of the pitted form of P acuticostatus and its rela- 
tive proportion in the various populations is presented in 
Figure 2. To study this character, I observed only adult 
and near adult specimens of P acuticostatus and judged 
the presence of easily visible pitting on whether it could 
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Figure 2 


Parviturbo acuticostatus: Percentage of Mature Specimens Showing 

easily visible pitting. N=number of specimens examined from sta- 

tions grouped by latitude or islands. Stippling indicates the distri- 
bution of Homalopoma mimicum 


be seen by the naked eye. I chose the character “easily 
seen pitting’ because this most nearly mimics H. mimi- 
cum, and because almost all specimens from the northern 
part of the range show at least a gentle undulation of the 
surface between the suture and the 2" spiral cord on the 
body whorl; but this undulation could not be interpreted 
as a significant imitation of the sculpture of H. mimicum. 

It was further observed that 86% of the sizable stations 
containing specimens of Homalopoma mimicum also con- 
tained specimens of Parviturbo acuticostatus. Although 
this may be explained by the relative omnipresence of P 
acuticostatus in subtidal gravels, it does at least indicate 
that they live in close association with one another. 

The evidence presented by geographic distribution and 
ecological association, especially the fact that the range of 
the pitted form of Parviturbo acuticostatus is identical 
with the range of Homalopoma mimicum, strongly sug- 
gests mimicry as a possible explanation. 

Arguing against the hypothesis of mimicry is the fact 
that Parviturbo acuticostatus is considerably more com- 
mon than Homalopoma mimicum and that the 2 species 
are not always found together. Many stations containing 
an abundance of P acuticostatus have not contained H. 
mimicum. The normal situation in mimicry is for the 
mimicking species to be considerably less numerous than 
the species mimicked. Otherwise, the selective advantage 
of the mimicked species, which is to a greater or lesser 
extent imparted to the mimic, is “drowned out” by the 
overabundance of the mimic, thus destroying the adap- 
tive advantage gained by the mimicry. One possibility is 
that the mimicry may have developed at an earlier time 
when the relative abundance of the species may have been 
different. The fossil evidence is inconclusive. In the Lomita 
Marl (Lower Pleistocene) of San Pedro, H. mimicum 
outnumbers P acuticostatus by better than 4 to 1 (136 
specimens to 32), but in the earlier San Diego Formation 
(Upper Pliocene) H. mimicum has not been found, while 
P acuticostatus is represented by 13 specimens, 3 with faint 
axial ribbing. 
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Probably the best rival hypothesis to mimicry is that the 
pitting may be adaptive to some characteristic of the 
habitat to the north of Cedros Island, Baja California, 
in the area of range overlap of the 2 species. If this is 
the case, each species may have independently developed 
parallel characteristics in response to the same ecological 
conditions. 

A final possibility is that the similarities between Homa- 
lopoma mimicum and the pitted form of Parviturbo acuti- 
costatus in size, shape, color, sculpture, geographic range 
and habitat may be the result of purely coincidental con- 
vergence. 
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INTRODUCTION 


THE PREDACIOUS MARINE gastropod Oliva sayana Ravenel, 
1834 has been identified as a predator of the bean clam 
Donax sp. in the field (OLsson & Crovo, 1968). How- 
ever, Texas populations of Donax migrate into the sub- 
littoral zone during the winter (Lorscu, 1957), at which 
time I have found large numbers of Oliva in the intertidal 
zone. This suggests that Oliva either reduces (or ceases) 
its feeding activity or depends upon alternate sources of 
prey during the winter. The purpose of this study is to 
examine Oliva’s responses to a variety of potential alter- 
nate prey in the laboratory. 


METHODS 


All of the organisms tested were collected from habitats 
occupied by Oliva along the exposed beach and passes 
adjacent to Galveston Island, Texas. Over 100 Oliva were 
collected from the exposed beach in November, 1974, 
and were maintained in the laboratory on a diet of raw 
shrimp. The amount of food provided was sufficient to 
maintain healthy animals without satiating them, as in- 
dicated by their behavioral response to additional food. 

Most laboratory experiments were conducted in 1.6] 
capacity finger bowls containing a 4cm deep layer of 
washed beach sand and filled with filtered seawater. Ex- 
periments involving large Polinices duplicatus were con- 
ducted in similarly equipped aquaria of 26/ capacity. 
Each experiment lasted 48 hours and involved 1 - 3 prey 
individuals and 1-5 Oliva. The water temperature was 
25°C, and the salinity was 28 - 31%. 

The mollusks were identified from the descriptions of 
Awnprews (1971), the decapod crustaceans were identi- 
fied from the descriptions of Wittiams (1965), and the 
polychaete was kindly identified by J. B. Wills. 


RESULTS anp DISCUSSION 


The results of the feeding experiment are shown in Table 
1. Each of these experiments involved a single potential 


Table 1 


Results of feeding experiments with Oliva sayana 


Number Number 
Potential prev of of prey 
experiments consumed 


POLYCHAETA 
Onuphis eremita oculata Hartman, 1951 9 0 
GASTROPODA 
Polinices duplicatus Say, 1822 (small) 7 7 
Polinices duplicatus Say, 1822 (large) 4 0 
DECAPOD CRUSTACEA 
Emerita portoricensis Schmitt, 1935 Bi 2 
Lepidopa websteri Benedict, 1903 4 3 
Arenaeus cribrartus (Lamarck, 1818) 6 0 
Pagurus longicarpus Say, 1817 9 0 
Tsocheles wurdemanni Stimpson, 1862 3 0 


prey individual maintained with 5 Oliva for 48 hours, 
except those involving Onuphis, in which 3 Onuphis were 
maintained with one Oliva. One of the Emerita and 5 of 
the Pagurus tested had molted within 24 hours of the 
start of the test; none of these were consumed. 

In addition to the live animals shown in Table 1, Oliva 
also readily consumed dead Isocheles (in shells), dead 
Clibanarius vittatus (Bosc, 1802) (without shells) and 
dead large Polinices. The Arenaeus tested were all small 
(carapace width = 15-17mm). The small Polinices 
had shell widths of 7.4 - 16.8mm, and the large Polinices 
had shell widths of 26.5 -34.4mm. The Lepidopa and 
Emerita tested were medium-sized (1 - 2cm long). 

The species tested in these experiments represent most 
of the common macroinvertebrates, other than Donax, 
which share the exposed beach habitat with Oliva in 
Texas. Two other prey species of Oliva identified by Ots- 
SON & Crovo (1968), Nassarius and Laevicardium, were 
not found alive on the exposed beach during this study. 
Small Polinices and Lepidopa were the prey most fre- 
quently consumed by Oliva (Table 1). Polinices in this 
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size range were collected in August but have not been 
found in winter. Thus, Polinices does not seem to be a 
suitable alternate prey for Oliva in winter. 

Lepidopa was consumed more frequently than Emerita. 
This is probably partially due to the more sluggish behav- 
ior of Lepidopa. Emerita exhibited an escape response by 
leaving the sand and swimming a short distance when dis- 
turbed. Lepidopa was more reluctant to unbury itself 
when encountered, making it relatively easy prey for 
Oliva, However, Lepidopa was much less abundant than 
Emerita during this study. 

Onuphis was the most common macroinvertebrate 
found intertidally with Oliva during the winter, yet none 
of the 27 individuals tested was consumed. In general, 
none of the species tested seems to represent a significant 
winter food source for Oliva. Thus Oliva probably re- 
duces its feeding activity or depends upon dead food 
during the winter, when Donax is not available inter- 
tidally. 


SUMMARY 


The feeding responses of Oliva sayana to 7 macroinver- 
tebrate species which represent potential alternate prey 
during the winter, when its usual prey (Donax) is not 
available, were tested. Only small Polinices duplicatus 
and Lepidopa websteri were frequently consumed. How- 
ever, these two species do not seem sufficiently abundant 
during the winter to supply Oliva with a significant 
amount of food. Thus the hypothesis that Oliva switches 
to alternate prey during the winter is not supported by 
these data, and it seems more reasonable that Oliva de- 
pends upon scavenging or upon a reduced rate of con- 
sumption to survive the winter months. 
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INTRODUCTION 


PINNOTHERIDD CRABS are commonly found associated with 
mollusks. Pinnotheres maculatus is found inside the mantle 
cavity of the mussel, Mytilus edulis, as well as various 
other hosts, such as pen shells and scallops. Though gen- 
erally regarded as a commensal, it has been reported to 
damage the host’s gills when food supply is scarce (Mc- 
Dermott, 1962). Kruczynsx1 (1972) has demonstrated 
that growth of scallops is reduced when they are infested 
with P maculatus. Another member of the genus, P ost- 
reum, is a true parasite of the oyster (STAUBER, 1945). 

Kruczynski (1974) has reported on the distribution 
of Pinnotheres maculatus in mussels from the vicinity of 
Woods Hole, Massachusetts. This paper reports on the 
vertical distribution of Pinnotheres maculatus in mussels 
from Fort Pond Bay, Montauk, New York. 


MATERIALS anp METHODS 


Specimens of Mytilus edulis were collected in August, 
1975 from pilings at the New York Ocean Science Labora- 
tory, Montauk, New York. Initially collections were from 
pilings at the end of the pier, at which the water is 9.6m 
deep. Subsequently, collections were made from other pil- 
ings in shallower water. Mussels were collected by hand 
picking, and for deeper collections SCUBA equipment was 
used. Mussels were brought into the laboratory, opened, 
and carefully examined for the presence of pea crabs. Data 
on mussel shell height, crab incidence, crab sex, and cara- 
pace width were recorded. 


RESULTS 


The data on crab infestation are summarized in Table 1. 
No crabs were found in mussels from the intertidal or 
shallow subtidal zone. At 1.5m, 3m and 6m, the per- 
centage of infestation was 13.3%, 16.6%, and 14.7%, 
respectively. These mussels did not occur in clumps as 
did the intertidal mussels, but occurred singly. At 6m, 
mussels were very rare on the pilings, hence the smaller 
number collected. At 9m, no mussels were found on the 
pilings. There were, however, numerous mussels living on 
the floor of the bay, on top of the sand. They had attached 
their byssus threads to each other. A large number of 
mussels from the bay floor was collected, but very few 
contained crabs. For comparison, a collection of mussels 
from the bay floor in 3m of water was made, a depth at 
which the infestation was 16.6% on the pilings. The level 
of infestation of these bay floor mussels was also extremely 
low; however, one of the mussels contained 4 crabs. 

Pilings in 6m of water were then chosen to compare bay 
floor mussels at 6m with mussels growing on the pilings 
at that depth. However, no mussels could be found on 
these pilings at 6m. Mussels were very scarce at 4.5 - 5.1 
m, but some were found and collected. The level of in- 
festation of these mussels was quite high, and 2 cases of 
double infestation were found, one mussel which contained 
one mature male and one immature female, and another 
which contained a mature female and a mature male. 
The level of infestation of the mussels from the bay floor at 
6m was extremely low. 
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Table 1 
Vertical distribution of Pinnotheres maculatus in Mytilus edulis 
No. Shell %o Infest. # # 
Depth mussels Ht. Infested shell ht. Males Females 
9.6 m pilings Intertidal 232 48 mm 0 
30-90 cm 128 55 mm 0 
1.5m 83 76 mm 13.3 85 mm 6 (2 soft) 5 (3 ovigerous) 
3m 60 69 mm 16.6 74mm 2 8 (3 ovigerous) 
6m 34 83 mm 14.7 82 mm 3 2 (2 ovigerous) 
9.6 m bottom 207 60 mm 1 45 mm 2 0 
3 m pilings 3 m bottom 253 56 mm 1.6 62 mm 5 (2 soft) 2 (2 ovigerous) 
6 m pilings 4.5-5.1 m 36 86 mm 27.0 85 mm 4 (1 soft) 8 (4 ovigerous) 
6 m bottom 166 61 mm 0.6 58 mm 1 (1 ovigerous) 
DISCUSSION these levels. Dayton (1971) has shown that large areas 


The overall level of infestation was fairly constant (15 to 
25%) at depths from 1.5 to 6m of water. No pea crabs 
were found in intertidal or shallow subtidal levels, how- 
ever. This corroborates the findings of Kruczynski (1974) 
who felt that crabs chose subtidal hosts to assure more 
stable conditions. However, ANDERSON (1975) found the 
pinnotherid crab Fabia subquadrata in Mytilus californi- 
anus in the upper tidal zone, and Pearce (1966) found 
this crab in intertidal Modiolus. HoucuHton (1963) and 
Seep (1969) found that depth was an important factor 
in determining the distribution of Pinnotheres pisum in 
England. The distribution of the oyster crab, P ostreum, 
is also affected by the depth of the host’s habitat (BEacu, 
1969). 

The overall rate of infestation in this area is much lower 
than at Woods Hole, where percentages were up to 80% 
in Kruczynsxr’s (1974) study. PEARcE (1964) has re- 
ported even higher levels of infestation in Woods Hole 
mussels. 

It is noteworthy that mussels were extremely rare at 
6m, and not present at all on the pilings at 9m, since 
KruczynskI (1974) collected mussels from much greater 
depths in the Woods Hole area. The water in Fort Pond 
Bay is usually quite turbid, and at 9m there is relatively 
little light penetration. This may be related to the ab- 
sence of mussels on the pilings at this depth. That they 
are capable of living under these conditions, however, is 
clear from the many mussels living on the floor of the 
bay. Mussels prefer to settle on areas which have previ- 
ously been settled by other organisms, such as filamentous 
algae (Dayton, 1971). These piling at 6 - 9m did have 
abundant other organisms living on them, the most con- 
spicuous being Crepidula fornicata. Sea stars (Asterias 
forbesi) were fairly abundant on the pilings at 6-9m, 
and they may be responsible for the absence of mussels at 


of mussels can be denuded by sea star predation. 

The mussels living on the bay floor must have fallen 
from higher levels, probably the intertidal zone which is 
subject to heavy forces of wave action in this bay. The 
very low level of infestation of the mussels from the bay 
floor is consistent with the hypothesis that most of them 
had fallen from the intertidal zone, with a small contri- 
bution from subtidal levels. In this light, it is interesting 
that the great majority of these mussels were not covered 
with barnacles or Crepidula fornicata (or both) as were 
the intertidal and shallow subtidal mussels, but were rela- 
tively clean. To test the remote possibility that these en- 
crusting forms might fall off the mussels on the bottom, 
several heavily encrusted mussels from intertidal and shal- 
low subtidal levels were placed in a mesh bag and lowered 
to the bottom at 9.6m. Since the encrusting organisms did 
not fall off, it was assumed that the mussels found on the 
bottom had fallen off before they could have become 
encrusted. In this regard, it is notable that the average 
size of these mussels was larger than that of intertidal and 
shallow subtidal mussels, but smaller than that of mussels 
from intermediate depths. If the mussels on the bottom 
fell from intertidal and shallow subtidal levels before they 
could become encrusted, théy must have grown consider- 
ably while on the bottom, since the maximum size of un- 
encrusted mussels found in intertidal and shallow subtidal 
levels was about 50mm, and the mussels on the bottom 
were considerably larger than this. This is consistent with 
Harcer’s (1970a) finding that Mytilus edulis grows at a 
much faster rate when protected from wave action. 

Regarding the source of the small number of crabs 
infesting the mussels at the bottom, the low level of in- 
festation is consistent with the idea that they are derived 
from intertidal and shallow subtidal levels, which lack 
crabs, with a small contribution from deeper levels, which 
are infested. From knowledge of the life cycle of Pinno- 
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theres maculatus (PEARCE, 1964) it can be assumed that 
the crabs entered the mussels the previous fall, and the 
mussels subsequently fell to the bottom. It has been found 
by Harcer (1970a and 1970b) that specimens of Mytilus 
edulis cannot sustain themselves in the intertidal zone 
when they grow beyond a certain size, at which time 
wave action dislodges them and they fall to the bottom. 
This is one reason why large mussels are not found in 
intertidal collections. One mussel from the bottom collec- 
tion at 3m must be interpreted differently. This was a 
large, heavily barnacle-encrusted specimen, which con- 
tained 4 crabs, a highly unusual occurrence in itself. The 
dense barnacles indicate that it came from the intertidal 
zone, the crab-free area. We can only conclude that the 
mussel became infested after it fell to the bottom. Thus 
some crabs would appear to enter mussels on the bay floor. 
Because of its size and heavy encrustation, we must assume 
that this specimen had fallen more recently than the 
majority of the mussels collected from the bottom. 

Most infested mussels contained only one crab each. 
The bay floor mussel with 4 crabs discussed above was, by 
far, the largest mussel in that collection. The fact that 
multiple infestations were relatively rare can be related 
to the generally low level of infestation in these mussels, 
as compared to those from Woods Hole. 
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(2 Plates) 


Part oF our our University of Maine Sea Grant Project in 
molluscan genetics has used the blue mussel, Mytilus 
edulis Linnaeus, 1758. Collections of this species have been 
made from Machias, Bar Harbor, Walpole, South Bristol, 
and York Beach, Maine. At each of these sites we have 
found variations in foot and mantle pigmentation, ranging 
from the predominant completely dark brown color to a 
variegated pattern of splotchy brown and white to albino 
devoid of pigmentation (see Figure /). These variations 
appear to be correlated with environmental differences 
between at least two of the sites sampled. In addition, we 
have observed more subtle variations in pigment density 
such that animals are found with all gradations of uni- 
form brown ranging from nearly melanistic to pale creamy 
brown, and several variegated patterns have been seen 
with dark brown splotches on a lighter brown background. 
Several reports have dealt with variation in M. edulis 
shell morphology (Cor « Fox, 1942; Fox & Cor, 1943; 
Hux.ey « Tessier, 1936; SEep, 1968; Stasex, 1963), 
but we have not found tissue polymorphism in this spe- 
cies reported, although such polymorphism is known to 
occur in other mollusks. 

To insure that the observed variations were not pro- 
duced environmentally through cell damage or loss, histo- 
logical sections were prepared from the feet of mussels 
of 3 types: uniform dark brown, variegated brown and 
white, and albino. Figure 2 illustrates the distribution of 
pigment within the epithelial cells of these 3 tissue types. 
The dark brown foot (Figure 2A) shows uniform pig- 
ment distribution within the cells of the epithelium, while 


Explanation of Figure / 


Photographs illustrate the three main types of foot tissue pigmenta- 

tion occurring in Mytilus edulis. Figure 1A: the dominant dark 

brown foot; Figure 1B:typical variegated brown and white pattern; 
Figure 1C: albino foot. 


Figure 2B shows the patchy distribution of pigment in the 
variegated foot. Cells adjacent to pigmented cells in this 
foot are intact, indicating a lack of physical damage which 
might have produced the unpigmented tissue areas. Fig- 
ure 2C shows the complete lack of pigment in the epitheli- 
al cells of the animal with an albino foot. Again no phys- 
ical damage is apparent in this section to account for the 
lack of pigmentation. Based upon these histological sec- 
tions, it is clear that these pigment anomalies are not the 
result of environmental damage, but rather have a genetic 
and developmental origin. 

The frequency of occurrence of variegated plus albino 
animals within the different populations sampled geo- 
graphically along the Maine coast ranged from a low of 
4% in a low tide population from Bar Harbor to 27% 
in a low tide population from Machiasport. These 2 popu- 
lations occupied similar environments, with similar de- 
grees of exposure, and were separated by about 160 linear 
coastal kilometers. The highest frequency of variegated 
plus albino animals, 49%, occurred in a population oc- 
cupying a rocky, exposed shore near the high tide line 
about 8km distant from the Bar Harbor population which 
yielded a 4% frequency. This large difference in propor- 
tion of variegated plus albino animals from 2 populations 
which were geographically in close proximity suggested 
that the frequency of polymorphism might be related to 
an ecological situation and may involve some form of 
natural selection. To test this possibility, a rocky shore 
population sampled near the low tide line was compared 
to a population growing on a nearby floating dock, the 


Explanation of Figure 2 


Photographs of histological sections through the three tissue types 
in Figure / illustrate the distribution of pigment in each type and 
the lack of physical damage to unpigmented epithelial cells. >< 200 
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2 groups being separated by about 30m of open water in 
the harbor of South Bristol, Maine. Comparison of simi- 
lar age classes from these 2 populations yielded frequen- 
cies of 20% variegated plus albino animals from the 
dock and 7% from the shore. The difference was found 
to be significant at the 0.5% confidence level, a result 
strongly suggesting that selection is occurring for survival 
of these animals under different environmental conditions, 
and that the frequencies of polymorphism found in differ- 
ent populations are probably not the result of random 
events. 

Based upon these findings, we are continuing our stud- 
ies of this pigment phenomenon from the standpoint of its 
ecological occurrence and variation with population struc- 
ture. 

This work was supported by NOAA Grant #04-5- 
158-39 to the University of Maine. 
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(5 Text figures) 


INTRODUCTION 


APLACOPHOROUS MOLLUSKS have been recently separated 
into two independent classes, the Caudofoveata and the 
Solenogastres (Satvint-PLAWEN, 1968). To date, only 
three species of these unusual mollusks have been recorded 
from the Chilean coast. 

Scutopus chilensis Salvini-Plawen, 1972 (Caudofoveata, 
Limifossiridae) was described from off Valparaiso Bay, 
Taitao Peninsula and the Strait of Magellan by Satvint- 
PiaweEN (1972). Proneomenia gerlachei Pelseneer, 1898; 
and Pruvotina cryophila (Pelseneer, 1898) (Solenogastres, 
Proneomeniidae) were described from the Chilean Ant- 
arctic by PELSENEER (1903). 

Chaetoderma araucanae Osorio & Tarifefnio, spec. nov. 
is the second species of Caudofoveata recorded from the 
Southeastern Pacific Ocean. Eighteen specimens were 
dredged by the R/V Explorador of the Department of 
Oceanology, University of Chile, Valparaiso, during June 
1964, in the course of a dredging program designed to 
study the benthic communities in Valparaiso Bay, Chile 
(Ramorino, 1968). All specimens belong to a single 
species. 

Radula shape and morphology of body spicules were 
used as primary characteristics in the identification. The 
following taxon is proposed: 


* Present address: Department of Biology and Institute of Evo- 
lutionary and Environmental Biology, University of California, 
Los Angeles, CA 90024, U.S.A. 


ACULIFERA Hatschek, 1891 


CauDOFOVEATA Boettger, 1955 


CHAETODERMATIDAE Simroth, 1896 


Chaetoderma Lovén, 1844 


Chaetoderma araucanae Osorio & Tarifefio, spec. nov. 


DESCRIPTION 


Body: Worm-like, slender and covered by a layer of cal- 
careous spicules (evidenced by the silvery shine they im- 
part to the body surface). As is characteristic of the fam- 
ily Chaetodermatidae, Chaetoderma araucanae lacks a 
pedal groove. Overall length is 5 - 21mm. The body (Fig- 
ure 1) is clearly divided into a prothorax, a metathorax, 
and an abdomen, as is the case in Ch. pacificum (Schwabl, 
1963). 

The prothorax is strongly swollen, constitutes about 1/7 
of the total length, and has a conspicuous oral ring and 
buccal plate at its anterior end. 

The metathorax is short, forming an annular constric- 
tion between the prothorax and abdomen. It corresponds 
with the origin of the ring of retractor muscles (HyMAN, 
1967). 

The abdomen can be subdivided into a preabdomen 
(long and thin), a swollen postabdomen carrying the 
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Figure 1 


Chaetoderma araucanae Osorio & Tarifefio, spec. nov. 


External features of the body 


A - prothorax 
B — abdomen 
b” — anal chamber 


single gonad, and the anal chamber (delimited from the 
postabdomen by a muscular constriction). 

Two ctenidial gills are inside the anal chamber. These 
were longitudinally oriented. In one specimen they were 
projecting to the exterior (Figure 2). The ctenidial gills 
are formed by 23 lamellae and are inserted on the inner 
face of the muscular constriction that delimits the anal 
chamber from the postabdomen. 


a — mouth 
b - proabdomen 


a’ — oral ring 
b’ — postabdomen 
C - metathorax 


Radula: The radula is located inside the foregut in the 
first third of the prothorax. As described for the genus 
(Hyman, 1967; Satvini-PLAwEN, 1969), the radular 
system of Chaetoderma araucanae is formed by a cone- 
shaped median tooth of 280m length; a dome-shaped 
membrane depressed somewhat at the summit and strong- 
ly thickened laterally, about 170m in length; 2 thin 
lateral projections of 50 um length attached to the distal 
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Figure 2 


Chaetoderma araucanae Osorio & Tarifefio, spec. nov. 


Ctenidial gills projected to the exterior of the anal chamber 
A — lamellae B — spicules 


end of the median tooth and to the dome-shaped mem- 
brane; and 2 nail-like denticles supported by the lateral 
projections (Figure 3). 

This type of radula is similar to that of Chaetoderma 
nittidulum (Kowa.esky, 1901; ScHELTEMA, 1972). How- 
ever, it differs from that species in having larger denticles 
in comparison with the size of both the median tooth 
and the dome-shaped membrane. 

The cone-shaped teeth of the Chaetodermatidae have 
been interpreted as a fused radula continuously secreted 
at the basal end, with no loss at the distal end (ScHELTE- 
mA, 1972). 


(< adjacent column) 


Figure 3 


Chaetoderma araucanae Osorio « Tarifefio, spec. nov. 


Radular system 
A — cone-shaped median tooth B — dome-shaped membrane 
C -— lateral projections D - denticles 
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In accord with the terminology used by ScHELTEMA 
(1972) the “main tooth,” “accessory teeth” and “lateral 
support” mentioned by Hyman (1967), and the “Cuti- 
cular Basis,” ““Radula Zahne” and “Radula Tasche” de- 
scribed by SALvini-PLawEN (1969, 1972) correspond re- 
spectively to cone-shaped median tooth, denticles and 
dome-shaped membrane. 


The Spicules: Spicules are very abundant on the body 
surface, giving the animals a silvery-shiny look. The spic- 
ules can be classified into 4 different types (Figure 4) : 


a) Small: ovoid-shaped, placed near the oral ring and 
measuring between 20um and 30m in length. Their 
shape is similar to type “a” spicules described for both 
Chaetoderma pacificum and Ch. riedli by ScHwaBL 
(1963), but in Ch. araucanae they are different in having 
mostly rounded tips. 


b) Medium: bullet-shaped, 100 um in length and local- 
ized on the prothorax. 


c) Large: needle-shaped, with straight or concave basis, 
the size varying between 120m and 400m in length. 
They are found on the abdomen and the anal chamber. 
Some of them show transverse or longitudinal grooves. 


d) Large: similar to needle-shaped spicules, but with 
subterminal or terminal expansions; placed only on the 
anal chamber. (Figure 5). 

Another anatomical characteristic is the rounded buccal 
plate located in the center of the oral ring. 


DIFFERENTIAL DIAGNOSIS 


Chaetoderma araucanae differs from other species of 
Chaetoderma from the Eastern Pacific Ocean [such as Ch. 
pacificum (Schwabl, 1963); Ch. riedli Schwabl, 1963; 
and Ch. rubrum Schwabl, 1963] in having larger den- 


66 99 


ticles, in having smaller type “c” spicules, in having round- 
ed tipped type “a” spicules, in having spicules with sub- 
terminal or terminal expansions, and in having a remark- 


ably swollen prothorax. 


(< adjacent column) 


Figure 4 
Chaetoderma araucanae Osorio & Tarifeno, spec. nov. 


Spicules: a — small, placed near the oral ring; b — medium, 
localized on the prothorax; c- f — large, found on the abdomen and 
anal chamber 
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Figure 5 


Chaetoderma araucanae Osorio & Tarifenio, spec. nov. 


Large spicules with subterminal or terminal expansions. They are 
found only on the anal chamber 


Holotype: Holotype and paratype specimens have been 
deposited in the Chilean National Museum of Natural 
History Type Collection, Nos. 90001, 90002, and 90003. 
The dimensions of all animals collected are indicated in 
Table 1. 


Type Locality: Chaetoderma araucanae was found at 
119- 145m depth in Valparaiso Bay, Chile (Lat. 33°02’ 
S. Long. 71°38’W). Further details of the collected 
samples are given in Table 2. 
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Table 1 
Chaetoderma araucanae 
Dimensions of all specimens collected in Valparaiso Bay, Chile 
Specimen Length of Length of Diameter of Maximum diameter 
no. body prothorax prothorax of abdomen 
(mm) (mm) (mm) (mm) 
1 11.3 - 1.0 0.8 
2 13.4 — 0.9 0.9 
3 11.4 — 1.1 0.9 
4 5.5 — 0.9 0.8 
5 16.8 — 1.0 1.0 
6 13.5 — 0.8 0.8 
7 18.7 — 1.2 1.2 
8 12.9 _ 0.8 1.0 
9 12.0 2.0 0.7 0.7 
10 14.5 — 0.9 0.8 
ll 9.3 1.3 1.0 1.0 
12 10.1 1.8 0.5 0.4 
132 10.3 1.7 0.7 0.7 
14 20.7 7 1.2 1.0 
153 10.8 1.9 0.8 0.9 
163 11.4 2.1 1.3 0.9 
174 — — - — 
183 = = = = 
2 Holotype specimen 
3 Paratype specimens 
4 Animals used for histological studies 
Table 2 
Chaetoderma araucanae 
Details of the collected samples in Valparaiso Bay, Chile’ 
Transect Station Sample Depth Lat. °S Long. °W Substratum 
no. no. (m) 
I 5 51 119 32°56'5” 71° 38'6” Sandy mud 
I 7 56 134 32°56'5” NCATE OZ Sandy mud 
I 8 57 145 SPO Gt lay Oey yy Muddy sand 
I 8 58 144 32°56'5” TAIT Muddy sand 


5 After Ramorino (1968) 
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(1 Text figure) 


INTRODUCTION 


AN UNDERSTANDING of the changes in high-energy phos- 
phates in a single tissue, the foot muscle of the aestivating 
snail Pila globosa (Say, 1822), could clarify the molecu- 
Jar mechanism of adaptation which supports the general 
conclusion that aestivation involves marked decrease in 
the metabolic rates of the tissue. RAGHUPATHIRAMIREDDY 
& Swami (1967) noticed that the total ADP level in the 
entire snail PR globosa decreased on aestivation but ATP 
increased with a complementary decrease in ATPase ac- 
tivity. They discussed these results in view of the hypo- 
thesis of CHance et al. (1965), which implicates adenine 
nucleotides in the regulation of anaerobic breakdown en- 
abling the glycogen reserves of the body to be economical- 
ly used over a period of aestivation. As the entire soft 
parts of the snail were used in these experiments, the 
results obtained do not explain the regulatory rates of an- 
aerobic breakdown as envisaged by MEENAKSHI (1956) 
in aestivating tissue. 


MATERIAL anp METHODS 


Gastropods of the species Pila globosa were collected 
from freshwater ponds in and around Bangalore and 
brought to the laboratory where they were kept in aquaria. 
As they are voracious vegetable feeders, the aquaria were 
provided with cabbage slices and Hydrilla plant on which 
they normally feed. After one week, when they had be- 


' Present address: Department of Biochemistry, Indian Institute of 
Science, Bangalore - 560012, India 


come accustomed to the aquarium conditions, a batch of 
these snails were caused to aestivate by embedding them 
in dry mud in large wooden boxes 60cm x 35cm x 15cm 
for a required period. Before burying, the snails were al- 
lowed to crawl in glass troughs for overnight to dispel 
mantle water. The temperature in the wooden box was 
maintained at 35+2°C by the heat generated with an 
electric light bulb. Care was taken to maintain darkness 
by covering the bulb with tin foil. At a time 50 to 100 
snails were aestivated, starting a batch every month, so 
that aestivated snails were always at hand for analysis. 
Animals aestivated for 6 months were selected for investi- 
gation unless otherwise mentioned. 

Actively feeding snails from aquaria were used as con- 
trols. 


EXTRACTION AND ESTIMATION OF ADENINE COMPOUNDS 
IN THE Foot Musc te oF Pula globosa 


The method used was that-of Arai & Satro (1961). The 
entire foot muscle of the snail was dissected out, minced 
and ground in a mortar with a pestle with acid-washed 
sand (1:1 w/w) in 5ml of ice-cold 4% perchloric acid. 
The extracts were centrifuged at 2500 rpm, the super- 
natants collected were adjusted to pH 8.0 and 1 ml of 
this was passed through a column (10cm x 0.7cm’) of 
Dowex (Cl-form, 100-200 mesh). The column was washed 
sequentially with 25 ml each of 0.01 M ammonium chlor- 
ide, 0.003 M hydrochloric acid, 0.02 M sodium chloride in 
0.01 M hydrochloric acid, 0.2M sodium chloride in 0,01 
M hydrochloric acid to elute adenine and adenosine, 
AMP, ADP and ATP, respectively, according to the 
scheme of STREHLER & TOTTLER (1954). Adenine nucleo- 
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tides in 10 ml fractions were estimated by the colorimetric 
method of Davis « Harris (1963), which is specific for 
compounds containing adenine chromophores. Measure- 
ments of O. D. at 260nm were made in the Beckman D 
us UV spectrophotometer. Adenine, AMP, ADP and ATP 
obtained from Sigma Chemicals Company, U.S. A. served 
as standards. 


ATPase Activity: The activity of this enzyme was as- 
sayed essentially by the method of Potter (1959) in mito- 
chondrial and soluble fractions of the muscle. Mitochond- 
ria were separated from the foot muscle, according to the 
method of ScHNEWER & HocEBoom (1950). An interna- 
tional centrifuge model Pr 2 with high speed attachment 
was used for this purpose. Inorganic PO, was determined 
by the method of Fiske « Susparow (1925). The pro- 
tein content of the extract was determined by Biuret 
method (Layne, 1957). 


Arginine/Creatine Transphosphorylase: Aqueous muscle 
extracts were prepared and centrifuged at 6000 x g at 4° 
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C. The clear supernatants were used for transphosphoryl- 
ase activity determinations according to the method of 
Watts & Moreanp (1970). 


Alkaline Phosphatase Activity: This was assayed ac- 
cording to the method of Kinp & Maccur (1952). 


Thin Layer Chromatography of Arginine: The glass 
plates 30cm x 30cm were coated with 33% silica gel G in 
water, of 0.25mm thickness. The gel coated plates were 
previously activated overnight at 120°C in a hot-air 
oven. The weighed muscle tissue was homogenized in 5 m/ 
of 5% TCA, centrifuged and 20ml/ supernatant was 
chromatographed on the plates over a solvent system of 
butanol acetic acid water in 4:1:1 ratio. Pure BDH 
standards of arginine and creatine were run simultaneous- 
ly on the plates for comparison. One of the plates was 
sprayed with Sakaguchi reagent (DuBNorr, 1957) to 
detect arginine and the other with deacetyl and alpha- 
naphthol to detect creatine (DuBNoFF, op. cit.). The re- 
gions on which arginine developed colour were scraped 


Table 1 


Levels of nucleotide and organophosphates in the foot muscle of Pila globosa 


aestivated for 6 months yg per g wet muscle 


Nucleotide No. 
organophosphate obs. Active 

1. Adenine compounds 6 257 = 65 
2. Adenylic acid 6 144 + 53 
3. ADP 6 168 + 14 
4, ATP 6 47 +5 
5. Inorganic Pi (free) 6 175 + 19 
6. Free arginine 6 6.73 + 0.96 

estimated by TLC 
7. Total guanidine 6 218 + 81 

compounds 
8. Creatine 6 Not detected 


Incidence of change 


Aestivated on aestivation 


t = 0.277 
p> 0.7 
no change 
t = 0.0836 
p > 0.9 
no change 
t= 19.02 
p< 0.001 
decrease 
t= 0.4902 
p> 0.9 
no change 
t= 1.596 
p> 0.1 
no change 
t= 8.832 
Pp < 0.001 
increase 
t= 3.692 
p< 0.005 
increase 


256 + 60 


147 + 25 


123 + 12 


49+ 9 


195 + 24 


10.89 + 0.64 


415 + 65 


Not detected — 


ee ee 


Values are mean + S.D. 
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and eluted into absolute alcohol and quantitatively esti- 
mated in TCA supernatants by the method of DuBNoFF 


(op. cit.). 


RESULTS ann DISCUSSION 


The levels of adenine (inclusive of adenosine), AMP, ATP 
and inorganic phosphate were not changed on aestivation 
(Table 1). Creatine was not detected in the foot muscle 
of active and aestivated snails. On the other hand, the 
levels of the free arginine and total guanidine compounds 
increased during aestivation. The adenine nucleotide levels 
of active snails seem to be higher than those reported for 
other mollusks like Mytilus edulis (REUGG & STRASSNER, 
1963), Haliotis discus and Pecten gessocusis (ARAI & SaI- 
To, 1961) and for crustaceans like Homarus (LUNT & 
Kent, 1961), Erimactrus eisenbeckit (crab), Pandulus 
hypsinotus (prawn) and Squilla oratoria (Arat & Sarto, 
op. cit.). When compared with earlier studies (RAGHU- 
PATHIRAMIREDDY & SWAMI, 1967), the present values of 
adenine nucleotides levels in the entire foot muscle of Pila 
globosa seem to be higher. According to HUENNKENS & 
Wuire.ey (1960) the phosphate potential is the ratio of 
intramitochondrial (ATP) /ADP(Pi), denoting the effi- 
ciency of phosphorylation rnechanisms. Greater ratios in 
such a case always indicate a high-phosphate potential. 
Greater rate of utilization of ATP for work is represented 
by low ratios, consequently the ADP and PO, levels in- 
crease in a system. As is evident from Table 2, the PO. 
potential for the foot muscle increased on aestivation in- 
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dicating a very low utilization of ATP (Table 2). 

P/O ratios were increased (Table 2), indicating greater 
ATP synthesis but the ATP level in the present study did 
not alter on aestivation (Table 1). The elevated P/O 
ratios indicate that even though the aestivated tissue is 
capable of synthesizing ATP at a faster rate, the utiliza- 
tion of this is increased by way of transphosphorylation. 
The synthesized ATP of the aestivated muscle might be 
entering some other dephosphorylating system, probably 
in the phosphorylation of guanidine compounds for ex- 
ample into arginine phosphate, as the level of the latter 
was increased on aestivation (Table 1). The arginine/ATP 
ratios were greater when compared with ADP/ATP. The 
AMP/ATP ratios were maintained constant even during 
aestivation, but total guanidine content relative to the 
arginine level increased on aestivation (Table 2). 

Table 3 presents the specific activities of different or- 
ganophosphates in Pila foot muscle during aestivation. At 
35°C, the ATPase and alkaline phosphatase of the sol- 
uble fraction of the muscle did not vary with reference 
to aestivation, whereas the mitochondrial ATPase at 25° 
C decreased. The arginine phosphotransferase activity also 
showed significant decrease. The presence of creatine ATP 
transphorylase is particularly interesting because the snails 
do not have the ability of synthesizing creatine in their 
cells but possess the transphosphorylating enzyme. 

Table 3 showed no significant change in the specific 
activity of alkaline phosphatase in the aestivated foot 
muscle when measured at 35°C. However, 35°C is an 
abnormal temperature for the active snail. Therefore, a 
comparison was made between the specific activities of the 


Table 2 


Relative changes in the nucleotide and organophosphates in the foot muscle of Pila globosa 
aestivated for 6 months 


Ratio Active 
1. Phosphate potential 0.001633 + 
extra mitochondrial 0.000021 
(ATP)/ADP Pi 
2. P/O ratio at 35°C 2.30 + 0.01 
3. Arginine/ATP 0.15 + 0.021 
4. ADP/ATP 3.59 + 0.08 
5. AMP/ATP 3.00 + 0.01 
6. Adenine compounds/ATP 5.46 + 0.08 
7. Total guanidine/Arginine Sil 0) a= 72 


Change on 
Aestivated aestivation 
0.001846 + Increase 
0.00031 
3.05 + 0.02 Increase 
0.22 + 0.022 Increase 
2.46 + 0.048 Decrease 
3.00 + 0.03 No change 
5.22 + 0.098 Decrease 
38.0 + 4 Increase 


Values are mean + S.D. of 6 observations 
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Table 3 
Changes in the specific activities of organophosphatases and phosphotransferases 
in the foot muscle of Pila globosa aestivated for 6 months 
x.e= Sip); Incidence 
No. uM Pi/mg protein of change 
Enzyme obs. Active Aestivated on aestivation 
1. ATPase of soluble 6 1.63 + 0.17 1.66 + 0.24 t= 0.2592 
fraction (at 35°C) p> 0.9 
no change 
2. Alkaline phosphatase 6 13.7 + 1.6 125s 255 te 2,03 
of soluble fraction p > 0.05 
(at 35°C) no change 
3. Mitochondrial ATPase 4 3.69 + 0.52 1.28 + 0.31 t= 7.963 
(25°C) p < 0.001 
decrease 
4. Arginine 6 0.45 + 0.035 0.29 + 0.082 t= 8.01 
Phosphotransferase p < 0.001 
5. Creatine ATP 6 0.65 + 0.19 0.45 + 0.11 t = 0.2237 
Transphosphorylase p> 0.8 
no change 
6. ATPase of soluble 4 2.84 + 0.18 1.66 + 0.24 t= 7.866 
fraction p < 0.001 


decrease 


enzyme at their habitat temperature as well as at differ- 
ent temperatures. Figure 1 shows the alkaline phosphat- 
ase activity as a function of temperature. The muscle of 
the active snail showed an optimum temperature at 34° 
C, whereas the aestivated muscle showed it at 37°C. 

When the alkaline phosphatase activity was compared 
at their respective temperature optima, no significant 
change on aestivation was recorded (Figure 1). But at 
habitat temperatures the aestivated enzyme showed higher 
(about twofold) activity than that of active muscle. This 
increase indicated the thermostability of the aestivated 
enzyme. UsHakov (1964) pointed out that changes in 
the thermostability of the protein molecule are one of the 
mechanisms of adaptation. 

It has been demonstrated (ViJAYALAKSHMI, 1972) 
that the pleuropedal ganglionic extract from the aestivat- 
ed snail depresses the oxygen consumption and P/O ratio 
of the muscle mitochondria. In the light of this finding 
the present P/O ratio may not give the real picture of the 
extent of oxidative phosphorylation in vivo because of the 
influence of a hormonal factor from the pleuropedal gang- 
lion of the aestivated snail; the mitochondria may have 
suppressed activity and may respire and phosphorylate at 
a very low rate. During isolation of mitochondria this co- 
factor is lost and thereby respiration and phosphorylation 
recover at the same pace as that of active snails. Hence, 
P/O ratio comparison with PO, potential changes on 
aestivation may not hold good. 


——— Normal 


Further, these results confirm that there is less ATP 
breakdown because of the lowered ATPase and less trans- 
phosphorylation during aestivation. Concomitantly, the 
ADP level in the aestivated tissue decreases and ATP level 
is stable. Therefore, regulation by hormonal factors is in- 
dicated. RAGHUPATHIRAMIREDDY & SWAMI (1967) have 
shown that on revival the lowered ATPase activities of 
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Figure 1 


Effect of Temperature on the Alkaline Phosphatase Activity 
in the Foot Muscle Homogenates of Pila globosa 
Plots of Mean + Standard Deviation of 4 Observations 


---- Aestivated 
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the aestivated Pila globosa were restored to the pre-aesti- 
vation level. 

Another interesting observation here is the increase in 
guanidine compounds and arginine levels on aestivation. 
Free arginine is increased, suggesting the greater break- 
down of arginine phosphate during muscle contraction. 

The ATP concentration in a tissue is related to its pro- 
duction via metabolism and hydrolysis by enzyme ATPase 
(Proctor et al., 1955). The reduced activities of the en- 
zyme ATPase may be a factor contributing to the stable 
ATP level and decreases in ADP levels in the aestivating 
snail. The ATP level remains steady on aestivation and it 
could be conceived that the aestivated snail may be syn- 
thesizing some ATP, and utilizing it at reduced rates. This 
lowered energy production and consumption is consistent 
with the fact that the wick of life is maintained at a very 
low ebb in the ‘hypobiosis’ state (Kemin, 1959), 7. ¢., 
aestivation. 

Current theories on the regulation of glycolysis attribute 
a key role to the phosphofructokinase step (Woop, 1966). 
Werinsack (1953) found that out of glucose, mannose, 
galactose, glucose-7-phosphate and fructose-diphosphate, 
only fructose-diphosphate stimulated pyruvate production 
in the snail Australorbis glabratus. This suggests that in 
Pila globosa tissues also phosphofructose kinase step may 
be the limiting reaction in glycolysis. There is evidence 
from a variety of systems (PassonEAU & Lowry, 1962; 
Mansour, 1963; VinueEta et al., 1963; Wu, 1964; Un- 
DERWOOD & NEWSHOLME, 1965) to suggest that phospho- 
fructokinase is subjected to allosteric inhibition by high 
concentration of ATP and this inhibition is antagonised 
by AMP, ADP and inorganic phosphate. Based on this 
view, RAGHUPATHIRAMIREDDY & Swami (1967) corre- 
lated their findings on increased ATP level with depressed 
glycolytic rate (as suggested by MEENaKsut, 1956) by 
inhibiting phosphofructokinase. In the present study the 
ADP/ATP ratio in the aestivated tissue is decreased on 
aestivation. On the other hand, the availability of ADP 
relative to ATP level is decreased, which may slow down 
the rate. The decrease in ADP level in the aestivated 
muscle may also suggest the lowering of phosphoglycerate 
kinase and pyruvate kinase reaction (Pye, 1965) which 
diminishes the glycolytic rate. ATP accumulations were 
recorded in mammalian hibernation also (KrisToPHER- 
SEN, 1961). In the present study no accumulation of ATP 
in the foot muscle was observed as it is utilized during 
muscle contraction and probably transphosphorylated. 

Cuarree (1962) suggested that the depletion in ADP 
level would play a regulatory role in reducing the respir- 
ation of the liver cells during hibernation. The same situ- 
ation existing in the aestivated foot muscle may depress 
the respiration of the tissue. 


SUMMARY 


1. The levels of ADP and total guanidine compounds 
changed as a consequence of aestivation, whereas the 
other adenine nucleotides including adenosine did not 
change. 

2. Organophosphatase activities like ATPase and alka- 
line phosphatase did not change, but the mitochond- 
rial ATPase activity decreased. 

3. Free arginine content increased, suggesting the greater 
breakdown of arginine phosphate during muscle con- 
traction. Creatine was not detected. 

4. Arginine phosphotransferase activity decreased on 
aestivation and alkaline phosphatase showed higher 
thermostability and exhibited a different temperature 
optimum. 
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(2 Text figures) 


INTRODUCTION 


A CRITICAL REVIEW of the existing literature on the bio- 
chemical and histochemical studies on the reproductive 
tract and physiology of reproduction in the gastropods 
reveals that various important metabolites, such as pro- 
teins, lipids, carbohydrates and enzymes play a very sig- 
nificant role in the growth and reproduction of these 
animals (NANAwaARE, 1974). But except for carbohyd- 
rates, no detailed investigation on equally important other 
metabolites, such as proteins and lipids, is available. The 
work on lipids is mostly concerned with the chemical 
properties, and mostly they have been studied in whole 
bodies of the pulmonate gastropods, the literature on the 
lipids in the reproductive organs being comparatively 
scanty (Vooct, 1972). Similarly, major work on the pro- 
teins is limited to their study in the oocytes and their 
development, and organwise distribution of proteins in 
the reproductive tract has received comparatively less 
attention (NANAWARE, op. cit.). Moreover, alterations in 
the proteins in the reproductive organs in the reproductive 
cycles have been investigated in few cases. The following 
studies show the work done on these two metabolites in 
the reproductive organs of gastropods. Visser (1965) 
studied the protein changes in active and aestivating snails, 
Pila ovata. Scopra (1969) observed interesting protein 
variations in the median soft parts of the female Viviparus 
ater during the reproductive period. He found that the 
protein activity in this period was increased, which was 


related to the decrease in the specific activity of B-glu- 
curonidase in these organs. BLAcKMorRE (1969) did not 
find any significant variation in the protein nitrogen of 
Patella vulgata during the seasonal cycle. WILLIAMS 
(1964) studied proteins in Littorina littorea during the 
annual cycle. Similar studies in proteins in the reproduct- 
ive tract of various chitons are available: Tucker, 1962 
on Cryptochiton stellert; TresE & Hart, 1967 on Kathan- 
na tunicata; GresE & GrorcE, 1962 on Mopalia hinds. 
Studies on the lipids have been reported in gonads (YAsu- 
zum, 1964; ANDERSON, 1969; Guraya, 1969), in albu- 
men, oviducal and prostate glands (BAYNE, 1967) of some 
gastropods. Some other investigators showed the seasonal 
studies on the lipids in the reproductive tracts of these 
animals. In Pila virens, fats were found to be utilized in 
the aestivation period and this fat was synthesized from 
the carbohydrate source. An exactly opposite observation 
was recorded in Pila ovata by VissER (op. cit.). He found 
that the fats in active snails were the major storage mate- 
rial, whereas in 9 - 10 months aestivating individuals this 
role was taken over by the carbohydrates. He also found 
that the polysaccharide contents like mono-, oligo-, and 
polysaccharide (galactogen) of snail tissues increased in 
the aestivation. According to him this increase was due to 
the conversion of lipid material into carbohydrates. In a 
seasonal cycle the gonadal lipids in Tresus capax were at 
a maximum in January during the egg formation period 
and decreased during the period February to April (Rem, 
1969). Witt1ams (1970) has proposed a hypothesis that 
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during the summer feeding/growth phase reserves of lip- 
ids and carbohydrates are built up, and during the non- 
feeding winter phase, when gonad maturation takes place, 
these reserves are utilized. In a seasonal turn-over, total 
protein closely parallels lipids, carbohydrates, which is 
similarly correlated with growth and reproduction. Except 
for the above referred studies no detailed account is avail- 
able on the chemical nature of the reproductive organs 
of the gastropods with reference to these two main meta- 
bolites, proteins and lipids. Some of the fundamental 
problems have remained unanswered. Do all the organs 
exhibit an identical type of proteins and lipids in them? 
Are there any quantitative differences in the contents of 
such metabolites? Do they undergo identical types of alter- 
ations or changes in all the organs in the breeding-aesti- 
vation cycle? Or do they show any differences in such al- 
terations? If so, how can such differences be related to the 
functional behaviour of these organs in the physiology of 
reproduction of gastropods? These are some of the prob- 
lems which can be satisfactorily answered only if the bio- 
chemical aspects of these metabolites of all the different 
organs, which constitute the reproductive system of gast- 
ropods, are studied simultaneously in the seasonal breed- 
ing aestivation cycle. 

It is with this view, therefore, that an investigation was 
undertaken to analyse seasonal turn-over in protein and 
lipids in the various reproductive organs of a locally avail- 
able stylommatophoran land pulmonate gastropod, Sem- 
perula maculata. It was also further hoped that it might 
aid in understanding the general metabolism and meta- 
bolic interdependence in various reproductive organs in 
the physiology of reproduction in these pulmonate gastro- 
pods. 


MATERIAL anp METHODS 


Semperula maculata (Tompleton, 1858; Semper, 1885 ) 
were regularly collected from their natural habitats for a 
period of 12 months from January to December, 1973. 
Random collections were made from gardens located 8 
to 10km away around Kolhapur City, Maharashtra, In- 
dia. The monthly studies were carried out by sacrificing 
about 100 animals in the first fortnight of every month 
and an equal number in the second fortnight. The ani- 
mals were dissected soon after the collection and different 
organs, such as ovotestis, albumen gland, female duct, 
spermatheca, prostate gland, penis, and dart gland, were 
removed separately and treated for the biochemical assays 
of protein and lipids described below. 


Bioassay Techniques for Proteins 


The tissues were digested and analysed for their nitro- 
gen constituents. Total nitrogen (TN) and non-protein 
nitrogen (NPN) after precipitation of the proteins with 
10% trichloracetic acid were determined by the classical 
micro-kjeldahl method (Mayer, 1961). The difference 
between TN and NPN obtained by this method was taken 
to represent protein nitrogen (PN). The protein nitro- 
gen was converted into protein by multiplying with a con- 
version factor (6.25), and the resultant quantity was taken 
as total Kjeldahl protein. In addition, protein levels were 
estimated directly, employing the colorimetric procedure 
as described by Lowry et al. (1951), with bovine serum 
albumin (BSA) as a standard. 


Bioassay Techniques for Lipids 


1. Total lipids: ‘The homogenates of each organ were 
prepared in 20 vol. of chloroform - methanol (2 : 1, v/v) 
at room temperature and these were allowed to stand 
for two hours at 4° C, and then filtered. The filtrate 
was washed according to Foicn et al. (1957), and evap- 
orated in vacuo at 40° C and lipid samples were weighed 
and preserved at —20° C until further use. 

The total lipids in the samples were determined gravi- 
metrically, and the values were converted into mg per 
cent wet tissue weight of each organ. 


2. Phospholipids: Phospholipids were separated by 
thin-layer chromatography on silica gel G coated plates 
and the values of phospholipids were calculated in terms 
of mg/100 mg wet weight of the organ by multiplying the 
phosphorus values obtained by a conversion factor of 25. 
The values of the individual phospholipids were summed 
up and the total of that is taken for the total phospholipid 
content per 100mg of wet tissue weight. The thin-layer 
chromatography for phospholipid separation was carried 
out according to the method by Marinett (1962). 


3. Neutral lipids: As in the case of phospholipids, the 
neutral lipids were separated by TLC on silica gel G 
coated plates. Lipid samples dissolved in chloroform were 
applied on the activated plates with a Hamilton micro- 
syringe (No. 8206-B). The separated neutral lipid values 
were calculated in terms of mg/100mg wet weight of the 
tissue organs and these values were summed up so as to 
get total neutral lipid contents in mg per 100mg wet tissue 
weight of the particular organ. 
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For confirmation of the results, the thin-layer chromato- 
graphic separations and the assay of total neutral and 
phospholipids was carried out in 3 different sets of snails 
in batches of 10 to 12 snails, and the average values were 
taken for consideration of the problem of alteration in the 
lipids in the different reproductive organs during the sea- 
sonal breeding-aestivation cycle. 


RESULTS 


Seasonal Reproductive Cycle 


This species of snail shows a seasonal breeding-aestiva- 
tion yearly cycle which can be divided into 3 phases: 
1) Pre-breeding season — February to May 
2) Breeding season — June to September 
3) Post-breeding season — October to January 
November to March forms the period during which these 
snails aestivate. 


Proteins of the Reproductive Organs in the 
Seasonal Breeding-Aestivation Cycle 


The protein contents in different reproductive organs of 
Semperula maculata showed alterations in relation to the 
seasonal reproductive cycle; these alterations are graphic- 
ally recorded in Figures 1 and 2 in which protein content 
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Semperula maculata 


Seasonal variations in protein levels in the reproductive organs 
A A = ovotestis A A, = spermatheca 
O——©O = female duct @——®@ = albumen gland 
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Figure 2 


Semperula maculata 


Seasonal variations in protein levels in the reproductive organs 
(1) = penis = prostate gland 
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O——O = dart gland 
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is plotted as a function of the seasonal breeding-aestivation 
cycle. 

From the graphical record it can be seen that at a 
comparative level the protein contents of the various or- 
gans in the reproductive tract of the snail are different 
and that they exhibit seasonal alterations mostly depen- 
dent upon the functional behaviour of these organs in the 
annual breeding-aestivation cycle. Comparatively the or- 
gans associated with the male part of the reproductive 
system seem to contain more proteins than those associ- 
ated with the female part, excepting the spermatheca. 
Maximum protein contents are seen in the prostate gland, 
which is mainly a protein secreting gland, the secretion be- 
ing employed in the formation of the spermatophores. 
Next to the prostate comes the spermatheca, which is the 
sperm-storing organ and most probably the protein values 
assayed in this organ are due to the proteins which are 
present in the spermatheca proper and those present in the 
stored sperm in it. Next to the spermatheca the protein 
contents are found in the penis, which is the main muscu- 
lar organ in the system and the proteins seem to be de- 
rived from the penial muscles. Next to the penis the rela- 
tive protein contents decrease in the organs in the order: 
dart gland - albumen gland - ovotestis - female duct. 

The seasonal alterations in the protein contents in vari- 
ous organs are also not identical and they depend largely 
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on the functional behaviour of the organs in the physio- 
logy of reproduction. All 3 male organs, viz., prostate 
gland, penis and dart gland, exhibit protein alterations 
which are somewhat identical. Of the 3 organs, the pros- 
tate gland having a function of secretion of material which 
is responsible for the spermatophore formation, is func- 
tionally hyperactive in the pre-breeding season. The penis 
and the dart gland exhibit functional hypertrophy at the 
end of the pre-breeding season, just before the onset of the 
breeding period, when their function is expected. Thus, in 
all these organs the protein levels increase in the pre- 
breeding period, reaching peak levels at the beginning of 
the breeding period. Such high levels of the proteins in 
these organs drop down in the late breeding period when 
the copulatory activities recede and they reach a minimum 
level in the post-breeding period, when the snails enter 
into the period of aestivation. 

The protein contents of the ovotestis also showed sea- 
sonal alterations which are exactly opposite to those seen 
in the male organs and which seem to be related to the 
process of gametogenesis. The ovotestis protein level is low 
in the breeding season proper, when no mature sex cells 
are present in the ovotestis, since they are already liber- 
ated, neither is there any gametogenesis. In the post- 
breeding season with the onset of gametogenesis the pro- 
tein level starts increasing and attains a maximum in the 
late post-breeding period, when the ovotestis is loaded 
with mature sex cells. With the liberation of the sex cells 
in the hermaphrodite duct in the pre-spawning period the 
protein level of the ovotestis gradually decreases. Such de- 
crease continues into the breeding period. 

The seasonal alterations in the proteins in the 3 organs 
associated with the female part of the reproductive sys- 
tem are mostly identical. The proteins in the female duct 
(oviduct, uterus, vagina), albumen gland and sperma- 
theca were at a maximum in the breeding period, whereas 
their levels were at a minimum in the post-breeding peri- 
od. Such high levels of proteins (September) especially 
in the female duct and spermatheca in the breeding season 
seem to be associated with the presence of sex cells, the 
eggs and the sperms respectively, in these organs during 
this season. With the liberation of the respective sex cells 
the protein levels of these organs drop down considerably. 
Only in the spermatheca in some individuals high protein 
levels are seen even in the post-breeding season, which ap- 
pears to be due to the presence of the remnant sperm in it. 


Lipids of the Reproductive Organs in the 
Seasonal Breeding-Aestivation Cycle 


The observations on the alterations in the lipids in differ- 
ent reproductive organs are recorded in Table 1. 


The quantities of the extractable lipids are low in 
various organs in the reproductive system of the snail. 
Maximum lipid contents are seen in the prostate gland, 
the female duct and ovotestis coming next in order in 
their lipid contents. The dart gland contains the lowest 
lipid percentage. The lipid contents in other organs, viz., 
penis, spermatheca and albumen gland are moderate. In 
the last 3 organs the penis contains more lipids than the 
other 2 organs. 

In a similar manner, the neutral lipid contents of vari- 
ous organs vary considerably. Maximum amount of neut- 
ral lipids is seen in the prostate gland; ovotestis and female 
duct coming next in order with respect to neutral lipid 
contents. The dart gland contains minimum neutral lip- 
ids, whereas penis, spermatheca and albumen gland con- 
tain moderate concentrations of the neutral lipids; among 
these 3 organs, the albumen gland contains more neutral 
lipids than the other 2 organs. 

Similar differences are seen in the phospholipid con- 
tent of various organs in the reproductive system. Among 
the male organs the dart gland, which contains a minimum 
quantity of total and neutral lipids, contains maximum 
concentrations of phospholipids; the female duct, sperma- 
theca and prostate gland coming next in the order in their 
phospholipid contents. In the female organs the maxi- 
mum phospholipid contents are seen in the albumen gland, 
whereas they are at a moderate level in the penis and ovo- 
testis. 

Thus, among the organs belonging to the male part of 
the reproductive system, the prostate contains a maximum 
amount of total and neutral lipids, whereas the dart gland 
contains the maximum amount of phospholipids. In the 
organs of the female part of the system, the female duct 
contains a maximum concentration of total, neutral and 
phospholipids, whereas the albumen gland contains the 
lowest concentrations of total and phospholipids. Though 
a generalization cannot be arrived at, the present results 
indicate that the organs associated with the male part of 
the hermaphrodite system contain comparatively more 
lipids than do the organs associated with the female part. 

The seasonal alterations in the total lipids and their 2 
subclasses are also not identical in all the different organs 
in the system, and such alterations can mostly be related 
to the function performed by these organs in the physio- 
logy of reproduction in these snails. In some organs, such 
as the ovotestis, female duct and dart gland, the lipid levels 
attain a maximum by the end of the aestivation period, 
when the snails do not feed. Similarly, when the snails are 
actively feeding, the lipid levels in many organs attain a 
minimum level. Only in the case of male organs, such as the 
penis, and female organs, such as the spermatheca, the 
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Table 1 


Seasonal changes in the total lipid. neutral lipid and phospholipid content in the organs of Semperula maculata in the breeding-aestivation cycl 


Ovotestis Albumin gland Female duct Spermatheca 
Seasons Months Neutral — Phospho- Total Neutral Phospho- Total Neutral Phospho- Total Neutral Phospho- Total 
lipid lipid lipid lipid lipid lipid lipid lipid lipid lipid lipid pe 
mg % me % mg % mg % mg % mg % mg % mg % mg % meg % me % mg % 
Pre- February 15.51 4.81 20.32 5.91 2.41 8.32 20.15 5.05 25.20 4.12 1.99 6.11 
Breed- March — 14.30 4.83 19.13 5.22 3.22 8.00 19.30 4.69 24.01 4.20 2.10 7.19 
ing April 14.27 2.00 16.27 6.10 0.81 7.91 15.73 4.40 20.13 5.06 3.24 9.30 
Season May 13.39 2.63 16.02 6.44 0.77 9.2] 3.60 6.08 9.68 7.19 3.68 10.87 
June 10.87 2.76 13.63 7.17 2.23 9.40 4.23 6.53 10.76 8.16 4.18 12.36 
Breeding July 11.00 3.41 14.41 8.52 2.28 10.80 7.39 5.53 12.92 9.29 3.73 15.02 
Season August 13.01 3.95 16.96 9.23 2.30 11.53 9.02 4.23 13.25 12.93 6.25 19.18 
September 14.22 SIL 17.33 10.15 1.97 12.12 9.23 4.79 14.02 14.04 4.19 18.23 
Post- October 15.06 2.86 17.92 12.00 1.71 13.71 11.00 5.00 16.00 14.83 3.32 18.15 
Breed- November 16.10 1.90 18.00 13.43 1.50 14.93 13.10 6.05 19.15 11.57 2.63 14.20 
ing December 16.30 3.58 19.88 16.90 0.25 17.15 15.01 5.18 20.19 8.29 2.43 10.72 
Season January 18.21 4.09 22.30 12.22 2.05 14.27 16.15 6.08 22.23 3.75 2.22 5.97 
Prostate gland Penis Dart gland 
Pre- February 24.61 5.49 30.10 8.15 2.10 10.25 10.93 5.26 16.19 
Breed- March 22.90 6.00 28.90 9.87 2.62 12.49 8.24 5.00 13.24 
ing- April 14.19 5.96 20.15 11.18 2.82 14.00 8.19 4.16 12.35 
Season May 5.23 3.67 8.90 13.22 3.73 16.95 5.12 1.29 6.41 
June 6.18 3.98 10.17 15.48 4.18 19.66 4.00 1.09 5.09 
Breeding July 12.10 5.92 18.02 14.39 3.53 17.92 6.15 2.02 8.17 
Season August 16.56 4.34 20.90 7.94 2.39 10.33 6.40 3.23 9.63 
September 19.15 5.22 24.37 5.95 2.26 8.21 7.02 3.34 10.36 
Post- October 21.00 5.25 26.25 4.46 1.01 5.47 7.21 5.41 12.62 
Breed- November 23.43 4.47 27.90 5.23 1.12 6.35 7.16 6.96 14.12 
ing December 24.80 3.35 28.15 6.65 1.33 7.98 8.14 6.76 14.90 
Season January 25.62 4.68 30.30 7.09 1.67 8.76 8.40 7.38 15.78 


lipid levels attain a maximum during the period of active 
feeding; the high levels of these organs seem to be related 
to the functional hypertrophy of the organ. 


DISCUSSION 


The investigation of the proteins and lipids synthesized 
and elaborated by the different reproductive organs of the 
hermaphrodite land pulmonate snail was undertaken with 
a view to augment the understanding of the biochemical 
nature of these organs in general and the metabolism of 
the proteins and lipids in these organs and alterations in 
them during the seasonal breeding-aestivation cycle in 
particular. Until recent times only carbohydrates in the 
reproductive organs of gastropods have been extensively 


studied (GoupsmiTH, 1972; VARUTE & NANAWARE, 1972a 
to 1972d; 1973; NanawarE & VARUTE, 1973a, b; 1974; 
1975a to d), but other equally important metabolites had 
remained unstudied. The information concerning the 
quantitative alterations in lipids and proteins in the sea- 
sonal reproduction-aestivation cycles was very limited. 
The present detailed biochemical investigation reveals that 
all the reproductive organs of Semperula maculata con- 
tain various concentrations of both these important tissue 
metabolites. At a comparative level the amount of the pro- 
tein and lipid content varied organ to organ and it depen- 
ded largely upon the nature of the function of that organ 
in the reproductive physiology of the snail. The seasonal 
studies on the alterations in the per cent protein and lipid 
activity of such specialized organs bring out some inter- 
esting functional features of these organs. The increase 
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and decrease of the protein and lipid contents in these 
organs indicated functionally active and inactive stages of 
these organs in the seasonal breeding-aestivation cycle. 

On the basis of the concentration of the proteins in the 
reproductive organs of the snail, the reproductive organs 
could be grouped into the organs elaborating high con- 
centration (those are the male organs), whereas the or- 
gans elaborating low quantities of protein are the female 
organs. Such a comparison of protein content is being 
presented for the first time. In the case of lipids, though a 
perfect generalization cannot be arrived at, the generali- 
zation made here for the proteins is also applicable, to 
some extent, to lipids. Thus, the organs associated with the 
male part of the hermaphrodite system contain compara- 
tively more lipids than do tle organs associated with the 
female part. 


Proteins: 


Most of the earlier investigators seem to have concent- 
rated their attention on the protein studies on developing 
oocytes, especially the proteins in various egg membranes. 
Similarly, the proteins have also been studied in various 
cellular organelles. Tucker (1962) showed that the pro- 
tein content per unit dry weight increases in fully grown 
gonads in the chiton, Cryptochiton stelleri. FANTIN & 
Francesco (1963) reported that the nucleolar proteins 
increase during previtellogenesis and decrease during vi- 
tellogenesis. Bayne (1968) studied the proteins in the egg 
capsule wall of Nucella lapillus. TayLor « ANDERSON 
(1969) and AnvERson (1969) studied the protein-carbo- 
hydrate complexes in the oocytes of amphineura. Our 
results show that the protein levels in the entire ovotestis 
of Semperula maculata are at their lowest immediately 
after the post-breeding period, whereas they increase dur- 
ing the period of gametogenesis and gametic maturation. 
Thus, a steady increase in the protein levels during the pre- 
breeding and breeding periods is witnessed in the present 
study. Such an increase seems to be due to the increase in 
the proteins in the germ cell mass which increases steadily 
and which also gets differentiated. Following spawning, 
the protein levels in the ovotestis decrease considerably. 

Though the proteins in the albumen gland have been 
investigated by histochemical techniques in various basom- 
matophoran snails (FANTIN & Vico, 1968; PLescii et al., 
1971), there are few biochemical studies on the seasonal 
alterations in the protein content of the albumen gland in 
the breeding-aestivation cycles. The present study shows 
that the albumen gland, in addition to elaborating galac- 
togen, also elaborates proteins and probably secretes them. 
The capacity of the albumen gland to elaborate and se- 
crete protein has already been documented (PLescH et 
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al., op. cit.). The observations show that the protein levels 
gradually increase in the albumen gland during the breed- 
ing period and reach a maximum in September, when the 
breeding activities come to a halt. In the rest of the season 
the protein levels are low. Thus, it appears that the albu- 
men gland synthesizes its own proteins which are hetero- 
genous in nature (Morritu et al., 1964), only during the 
period of active reproduction. The significant drop in the 
protein levels of the albumen gland in the post-breeding 
period observed in the present study indicates a possibility 
of their being secreted during the spawning period along 
with galactogen. 

From critical analysis of the protein contents and sea- 
sonal alterations in them in the female reproductive duct 
of land pulmonate snails, it seemed that the proteins are 
at their lowest concentrations during the post-breeding 
season; during the pre-breeding season the contents start 
increasing and reach the maximum level in the breeding 
season. How exactly the proteins undergo alterations in 
histologically and anatomically different parts of the fe- 
male gonoduct cannot be stated from the observations at 
hand, since the protein contents were estimated in the 
entire gonoduct. The alterations in protein contents show 
that the protein levels in the female gonoduct are at their 
minimum during the period of aestivation. When the sec- 
retory function of various different types of cells are in- 
itiated as in the pre-breeding period, when the ova pass 
through this duct, the protein contents increase. Such in- 
crease continues in the breeding period also, following 
which they decline. Thus, when the cells are maximally 
active and when the female gonoduct is fully functional, 
the protein contents increase and attain a maximum, 
whereas during the period of reproductive activity, they 
decline. Such increase, hence, seems to be due to the 
hypertrophy of the female gonoduct following oocyte 
maturation and their passage through it. The post-breed- 
ing hypotrophy of the female gonoduct coincides with 
depletion in the protein content. Another possible reason 
why proteins increase very significantly during the late 
pre-breeding and the early breeding periods might be the 
presence of mature oocytes in the female gonoduct during 
these periods. Some of the proteins which have been bio- 
assayed in the homogenates might be oocyte proteins. 
During the post-breeding season no such oocytes are pres- 
ent in the female gonoduct, which, hence shows low pro- 
tein levels. 

With respect to the spermatheca, it can be seen that 
the protein levels of the spermatheca show alterations in 
the seasonal cycle which are interesting. As against the 
mucosubstances and enzymes (NaNawarE, 1974), the 
proteins attained a maximum concentration in the post- 
breeding season, which decreased considerably before the 
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pre-breeding season. The loss is recovered gradually dur- 
ing the pre-breeding and breeding seasons. Increase in the 
protein levels in the pre-breeding period, when the prepa- 
rations for the ensuing breeding are made and when the 
organ undergoes hypertrophy, and during the breeding 
season when the organ is fully functional, are under- 
standable. But the curious observed fact is the increase in 
protein levels, which is statistically even more than that 
observed in the breeding season, which occurs in the post- 
breeding period of reproductive inactivity. Such an in- 
crease is not understandable, if the spermathecal function 
is viewed superficially. But if the destruction of the rem- 
nant sperms and their phagocytotic degradation in the 
spermathecal cells, which occurs in the post-breeding pe- 
riod, is taken into consideration, such an increase can be 
explained. Thus, the rise in the post-breeding protein 
values of the spermatheca appears to be due to the proteins 
obtained from the sperm degradation. 

The monthly biochemical investigations on proteins of 
the prostate gland bring out some role of this chemical 
moiety in the physiology of reproduction. Literature on 
the protein content of the prostate gland and the seasonal 
variations in them during the annual breeding-aestivation 
cycle is poor. The present observation shows that in the 
prostate gland the proteins occur significantly. The pro- 
tein levels are comparatively high throughout the cycle, 
but at a comparative level in the period following the 
cessation of breeding activities the protein levels drop, 
and in the period of aestivation they again increase. These 
proteins may be forming a part of the cellular structures, 
musculature and connective tissue. Since the secretion of 
the glands is phospholipoprotein (NANAWARE & VARUTE, 
1975d), some of these proteins may be in the secretory 
product. This explains why the protein levels drop with 
the cessation of the breeding activities. As in the case of 
lipids, the proteins also seem to be accumulated during the 
period of aestivation. There is another reason why the pro- 
tein levels are comparatively higher during the pre-breed- 
ing period. This is the period when the sperms are brought 
to the prostate to be built up into the spermatophores. 
Some of the proteins assayed in the prostate gland, 
hence, may be of the origin of sperms. How much of the 
observed proteins are contributed by such sperms cannot 
be ascertained from the observations at hand. 

Very scanty literature exists on the protein content of 
the copulatory organ, the penis, of the stylommatophoran 
snails, The present investigation shows that the proteins 
undergo season-specific alterations in the penis during the 
breeding-aestivation cycle. From the observations it could 
be seen that the protein content is low in the period of 
aestivation; it increases during the pre-spawning period 
when the gonads show maximum activity. The protein 


THE VELIGER 


Vol. 19; No. 1 


content reaches a maximum just before the onset of the 
breeding activities. It shows some statistically insignifi- 
cant decrease during the breeding period proper, but in 
the post-breeding period it decreases considerably. Such 
variations in the protein content seem to be related to the 
penial musculature, where mainly the proteins are present. 
The size of the penis and its musculature is very much 
reduced in the period of aestivation, but when the gonads 
become active and gamete maturation begins, as in the 
pre-spawning period, the size of the penis and its muscu- 
lature increases gradually and attains a maximum just 
before the onset of the breeding activities (NANAWARE, 
1974). Concomitant with such an enhancement in the 
penial musculature, the protein content also increases 
considerably. Following breeding, when the snails stop 
copulating, the penial musculature undergoes hypotrophy 
and consequently the protein content decreases. It is 
doubtful whether the penial glands elaborate and secrete 
any proteins. 

The present study affords an interesting aspect of alter- 
ations in the proteins synthesized in the dart gland. It can 
be seen that the protein values of the dart gland are high 
during the pre-breeding season, especially in May. These 
values are about 3 times those seen in the post-breeding 
period. Thus, it appears that the protein synthesis in the 
dart gland occurs in the pre-spawning period and all the 
proteins that are essential are synthesized prior to the on- 
set of the spawning activities. During the breeding period 
proper, these proteins seem to be utilized, since the pro- 
tein values decrease gradually in the breeding period and 
reach a minimum in the post-breeding period. Thus, 
during the breeding and the post-breeding period of aesti- 
vation, the dart gland does not seem to possess any capa- 
city of protein synthesis. It is problematical what role these 
proteins are performing. OvrracHt « TuHeiRy (1972) 
showed that the mucosubstances elaborated and secreted 
by the dart glands are present in the form of glycoproteins. 
Hence the proteins observed in the present study might be 
from the glycoproteins elaborated in the dart gland. These 
authors have also shown that the elaboration of glycopro- 
teins and proteins occurs in different sacular compart- 
ments of the Golgi substance and that they are transported 
independently to the lumen. This further shows that in 
addition to their conjugated form with mucosubstances, 
proteins are synthesized and secreted independently of 
such glycoproteins. Hence the alterations observed in the 
present investigation are also partly due to such protein 
synthesis and secretion. Thus, the secretion of the dart 
gland also possesses proteins in free form, but at a com- 
parative level, mucosubstances dominate it (NANAWARE & 
VarRuTE, 1973a). 
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Lipids: 


From the observations of the present investigation it 
seems that the total lipid contents of the ovotestis increase 
steadily during the breeding period, which is also the 
active feeding period of these snails. Such total lipids in- 
crease very markedly in October when oogenesis is in- 
itiated and such increase continues in November when 
spermatogenesis is initiated. Still marked increase in the 
total lipids occurs when the maturation of these sex 
cells takes place during December and January. Thus, 
the total lipid contents of the ovotestis attain a 
maximum when it is fully gravid. With the liber- 
ation of oocytes for storage in the female duct during 
February, March and April, the total lipid contents 
decrease significantly. When the ovotestis has liber- 
ated all its sex cells, the total lipid contents mark a 
minimum just at the beginning of the spawning activities. 
The 2 major components of the total lipids, v2z., neutral 
lipids and phospholipids, exhibit identical alterations, but 
they are markedly seen in the former, whereas in the lat- 
ter such alterations are less significant. Thus at a general 
level it can be seen that the total and neutral lipids in- 
crease markedly during pregametogenetic, gametogenetic 
and sex cell maturation periods; they attain a maximum 
when the gonads are fully gravid, but they decrease with 
the liberation of the gametes from the ovotestis. 

The aforementioned alterations in ovotesticular lipids 
find some parallelism in the lipid alterations in the gonads 
of other pulmonates and mollusks. Thus, Gresz & GEORGE 
(1962) found that in the gonads of Katharina tunicata 
and Mopalia hindsui the lipid contents are high in gravid 
gonads, whereas they are low in spent or resting gonads. 
In both these species the lipid decreases with the breeding 
season, which is also observed in the present work. TucK- 
ER (1962) reported that in Cryptochiton stelleri the 
gonadal lipid content increases with the gonad growth, an 
observation which is supported by the present investiga- 
tion. Nimrrz « Giese (1964) reported that the neutral 
lipids were found mainly in the germinal epithelium and 
their disappearance from this site coincided with the ac- 
cumulation of lipids in the oocytes. Nothing can be said 
about such a transfer of the lipids from the observations in 
the present study, since the lipids have been investigated 
biochemically in the entire ovotestis. The observation of 
Taytor & ANDERSON (1969) that the lipids in the pre- 
vitellogenic oocytes increase with the beginning of the 
vitellogenesis and at maturity, finds a support in the pre- 
sent investigation since during the period of gamete ma- 
turation the ovotesticular lipids do show an enhancement. 
Rew (1969) noted that the gonadal lipid contents are 
maximum at the egg formation period and they fall when 
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the eggs are passed out. Similar increase in the total lip- 
ids and neutral lipids during the egg formation period 
and decrease when the eggs are passed out are noted in 
Semperula maculata in the present investigation. Law- 
RENCE & Giese (1969) found no correlation between the 
nutritional state of Katharina tunicata and the lipid con- 
tents of the gonads. In the present study, it could be seen 
that the gonadal lipids start increasing in the active feed- 
ing period of the snails but they continue to increase 
very significantly in the non-feeding gametogenetic period 
also. Thus partly the ovotesticular lipids seem to be stored 
during the period of feeding and partly they seem to be 
derived from the other organs during non-feeding period. 
Though the increase in the ovotesticular lipids is partly 
related to the nutritional state of the animals, such a rela- 
tion is only partial. 

Bayne (1967) commented that the albumen gland of 
Ariolimax reticulatus is not rich in lipids. The present 
work also shows that the lipid percentages in this gland in 
Semperula maculata are comparatively low. But though 
the lipid levels are low, they do exhibit seasonal altera- 
tion in the albumen gland in seasonal breeding-aestivation 
cycle. The total lipids are composed of both the neutral 
lipids and phospholipids, and at a comparative level, the 
neutral lipids are more than the phospholipids. Though 
the phospholipids do not exhibit any remarkable altera- 
tions, the neutral lipids exhibit significant alterations in 
the seasonal breeding-aestivation cycle. The alterations ob- 
served in total lipids, thus, seem to be due to the altera- 
tions mainly in the neutral lipids. The lipid values in- 
crease but very slightly and gradually during the breeding 
season, but during the post-breeding season they increase 
rather sharply, attaining a peak in December, following 
which they decrease sharply. Alterations in lipids, thus, 
are parallel to some extent to those in the proteins. Thus, 
lipids seem to be mainly accumulated in the breeding and 
post-breeding period and they appear to be utilized during 
the pre-breeding period. If the alterations in the galacto- 
gen are considered in comparison with those in the lipids, 
an antagonistic behaviour of these 2 metabolites becomes 
evident. Especially in the pre-breeding period, when gal- 
actogen synthesis occurs (NANAWARE & VARUTE, 1974), 
the lipid values decrease considerably. This may be of 
some significance. The galactogen synthesis occurs from 
glucose and glycogen (May & WEINLAND, 1956) and in- 
terconversion of lipids to such sugars has also been repor- 
ted, though not in the albumen gland of the Stylommato- 
phora, but in other tissues of other animals (MAHLER & 
Corpes, 1966). Thus the lipids may be utilized as remote 
precursors of galactogen in this gland. 

The female gonoduct is the main female duct in this 
snail where eggs are coated and temporarily stored. Lipids 
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of this duct of the slug Arion ater were studied by Liss 
(1961). He found high lipid values in the pre-spawning 
period. According to him, the lipoidal substance accumu- 
lates in the form of islets in the glandular oviduct. He be- 
lieved that this lipid was steroidal in nature, though he 
could not cite any evidence in support of its hormonal 
nature. In the present study, the lipids showed distinct al- 
terations in the female gonoduct concomitant with the sea- 
sonal breeding-aestivation cycle. The lipid levels in the 
female gonoduct are low just at the beginning of the 
spawning activities, during the spawning period which is 
eventually also the feeding period, the lipid values rise and 
also continue to rise in the early pre-spawning period, but 
in the late pre-spawning period they decrease significant- 
ly. Of the 2 major components of the total lipids, the 
phospholipids do not exhibit any significant alterations, 
but the neutral lipids exhibit alterations which are parallel 
to those observed in the total lipids. Thus, it appears that 
the lipids accumulate in the female duct during the entire 
spawning and also the post-spawning period, but when 
the secretory activities of the female gonoduct are initi- 
ated and occur progressively, the neutral lipid values de- 
crease significantly. The behaviour of proteins and the 
neutral lipids, the 2 major metabolic components, in the 
pre-spawning period, when the gonoduct is functionally 
fully active, is antagonistic. Protein values increase in this 
period when lipid values decrease. The same is also true 
of some of the mucosubstances secreted by the glandular 
cells, when the neutral mucosubstances and glycogen in- 
crease in this period, the neutral lipids decrease (NANaA- 
WARE & VARUTE, 1975). Since the neutral lipids are 
metabolically important and may be utilized as alterna- 
tive energy source and also as precursors of sugars, such 
alterations may be of some metabolic significance in the 
functioning of the female gonoduct. 

Lipids seem to form a comparatively major biochemical 
constituent of the spermatheca and at a comparative 
level the neutral lipids are more than the phospholipids. 
The total, neutral and phospholipids exhibit typical vari- 
ations in the seasonal breeding-aestivation cycle. During 
the period of aestivation, the levels of total lipids and both 
their components are low, they rise during the prepara- 
tory period of reproduction during the pre-breeding sea- 
son and reach a peak when the copulatory activities also 
reach a maximum, following which they decrease con- 
siderably. Since phospholipids form the major integral 
components of the cell-membrane, the alterations in these 
phospholipids may be due to the variations in the syn- 
thetic activities concerned with the membranes, such as 
the energy metabolism and the biosynthesis of enzymes. 
Hence it is but natural that the levels of the phospholipids 
increase when the synthetic activities are initiated and 
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progress. Following the cessation of the breeding activi- 
ties, the phospholipid levels decline due to the probable 
atrophic changes. In a similar manner, the neutral lipids 
are at a maximum during the active breeding period and 
at a minimum during aestivation. Since mostly the neutral 
lipids are concerned with the cell-metabolism and in many 
cases they are utilized as energy source, such alterations 
can be related to the general metabolic changes in the 
spermatheca. 

As regards the lipids in the prostate gland, it can be 
seen that the lipids form a major constituent of this gland 
and they do exhibit seasonal alterations in their levels in 
the annual breeding-aestivation cycle. From the obser- 
vations it could be seen that the lipids accumulate in this 
gland in the period of aestivation. With the preparations 
for the ensuing breeding, the lipids drop considerably in 
the pre-breeding season and reach a minimum in the 
breeding season. In the prostate gland the function of the 
lipids seems to be threefold. Since the phospholipids form 
an integral component of the cell-mebranes, they will be 
concerned with intracellular metabolism in which the 
membranes play a role. Thus, when the synthetic activi- 
ties of the prostate gland are at a peak as in the pre- 
breeding period, the phospholipid levels are also high. The 
lipids may be important from the point of view of secre- 
tion. The secretion of the prostate is phospholipoprotein 
(PLEscH e¢ al., 1971). Hence some of the lipids may be 
utilized in the formation of such phospholipoproteins. 
Thirdly, the neutral lipids are generally connected with 
the cell metabolism. In the absence of any valid data at 
hand, it cannot be stated whether these lipids are em- 
ployed in the energy metabolism in this gland as an alter- 
native source or whether they are employed as remote 
precursors of sugars to be employed in the biosynthesis of 
the mucosubstances secreted by these cells. 

As in the case of proteins, the lipid content of the penis 
is low in the post-breeding period of reproductive inani- 
tion, but when the preparations for the ensuing breeding 
phase are made, the lipid levels increase and such an in- 
crease is also maintained in the first half of the breeding 
season, and when the copulatory activities gradually re- 
cede, the lipid levels decline and come to a minimum in 
the post-breeding period. The lipids, especially the phos- 
pholipids, are at high levels in the pre-breeding and breed- 
ing periods when the glandular cells as well as the mus- 
culature of the penis undergo hypertrophy, since this class 
of lipids forms an integral component of the cell mem- 
branes. In the post-breeding hypotrophy of these struc- 
tures, the phospholipid values decrease considerably. The 
neutral lipids are mainly employed as tissue metabolites 
and alterations in them may have some significance in the 
metabolic secretory activity of the penial glands. If the 
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levels of the neutral lipids and the synthesis of various 
mucosubstances are studied comparatively, it could be 
seen that both of these get enhanced during the breeding 
period. It is problematical whether the penial glands 
secrete any lipids (NANAWaARE, 1974). 

From the observations on the lipid contents of the dart 
gland in the seasonal cycle, it appears that this gland re- 
ceives its lipid requirements from the nutritive fats taken 
in during the period of feeding, which coincides with the 
active breeding period. Some of these fats may also be 
made available by the intermediary metabolic conversion 
of carbohydrates into fats, the latter being probably true 
in the case of the lipid accumulations which occur in the 
post-breeding non-feeding period. The basic problem here 
is where exactly these lipid accumulations are utilized in 
the physiology of the dart gland. Of the 2 classes of 
lipids investigated in the present study, the phospholipids 
may be largely involved in the membrane structures 
(RuNHAM & Hunter, 1970), and hence may be associ- 
ated with membrane functions in the dart gland, whereas 
most of the neutral lipids are probably involved in the 
metabolism. If the alterations in the protein and the muco- 
substances elaborated in the secretory cells of the dart 
gland on one side, and the total lipids, especially the neut- 
ral lipids, on the other, are compared in the seasonal 
breeding-aestivation cycle, a curious fact comes to light. 
It can be observed by comparing these alterations in 
lipids and proteins and also the alterations in various 
mucin elaborating cells and the mucin secreting granules 
(NaNAwarE & VaRUTE, 1973b), that when protein levels 
increase as in the pre-breeding period the lipid levels de- 
crease, and when the lipid levels increase as in the breed- 
ing and post-breedig period, the protein levels decrease. 
In a similar manner, when the synthesis of the mucosub- 
stances occurs in the pre-breeding period, the levels of the 
lipids decrease. This indicates probable conversion of 
lipids into proteins or into sugars which then take part 
in the synthesis of the mucosubstances. Such a conversion 
of lipids into sugars is a known pathway in the intermedi- 
ary metabolism of lipids (MAHLER & Corpes, 1966). Thus 
in dart glands probably the lipids are being employed as 
indirect precursors of the mucosubstances elaborated and 
secreted by the glandular cells. 

In the present investigation alterations in total phos- 
pholipids and total neutral lipids have been studied. Fur- 
ther information can be made available if various com- 
ponents of the phospholipids, such as phosphotidyl ethan- 
olamine, phosphatidylcholine, phosphatidic acid, etc., 
and various components of neutral lipids such as mono-, 
di- and triglycerides, cholesterol, cholesterol esters and 
free fatty acids are studied in detail in various reproductive 
organs of these snails in the seasonal breeding-aestivation 


cycle. Such a study might give a clue to the intricate lipid 
metabolism in these organs in their functional states. Some 
work in this direction is in progress in this laboratory. 
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NOTES & NEWS 


Recent Records of Sea Hares 
(Gastropoda : Opisthobranchia ) 


from South Texas 


BY 


RAYMOND W. NECK! 


AT LEAST FIVE species of sea hares have been recorded 
from Texas coastal areas (ANDREWS, 1971). However, 
definite locality records have been lacking for these Texas 
aplysiids. Life history details for Texas populations are 
essentially unknown. This communication records obser- 
vations by the author on southern Padre Island and the 
lower Laguna Madre, Cameron County during 1964 to 
1967. 

The most common sea hare species encountered in the 
aforementioned waters is Willcox’s sea hare, Aplysia will- 
coxi Heilprin 1886 which is light yellowish with varied 
but usually extensive brownish markings. This species has 
been found in the surf of the gulf beach and the grass flats 
of the bay beach as well as along the jetties and bridge 
abutments in the Brazos Santiago Pass area. During the 
period of these observations, almost all visits from spring 
to fall would result in the sighting of several individuals. 
A bayward migration of several hundred individuals was 
observed in Brazos Santiago Pass in March 1965. Despite 
its common occurrence, this species was not recorded in 
Texas waters until rather recently (see BREUER, 1962). 

The sooty sea hare, Aplysia floridensis Pilsbry, 1895, is 
almost solid black in color. This species has been seen in 
Brazos Santiago Pass and approximately 5km north of 
the pass in the surf (16 August 1962) with much larger 
numbers of A. willcoxi. The former species is apparently 
much rarer than A. willcoxi along the Texas coast. AND- 
REWS (1971) lists A. floridensis as “uncommon to rare” 
whereas A. willcoxi is considered “common.” My obser- 
vations agree with her abundance classes. 

This author has collected only one specimen each of 
the following species. An extremely large spotted sea 
hare, Aplysia dactylomela (Rang, 1828), was collected 
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on 17 July 1966 on the shallow flats around Three Islands 
in the lower Laguna Madre (approximately 19km N of 
Port Isabel). A single specimen of the ragged sea hare, 
Bursatella leacht plei Rang, 1828, was collected on 8 
April 1967 off the abutments of the Long Island end of 
the concrete portion of the then Queen Isabella Causeway 
(now Queen Isabella Fishing Pier State Park). This is 
within several hundred meters of the collection site of the 
first recorded specimen of this species in the state (BREU- 
ER, 1962). 

The relative abundance of these species in the recent 
past is unknown. As late as 1960, workers reported that 
sea hares were not common, “occasionally ... found on 
jetties after storms” (WuHrTTEN et al., 1960). Two spe- 
cies (Aplysia willcoxi and Bursatella leachi plei) were 
not reported in Texas waters until 1962. Lack of reports 
is apparently due to expanded research efforts and great 
fluctuations in population levels. BrevER (1962) sur- 
veyed this area from 1953 to 1959 and reported A. flori- 
densis as “rare ... until the summer of 1959 when over 
100 specimens were sighted in Brazos Santiago Pass.” 
Warmer sea water temperatures could have allowed re- 
cent expansion of sea hares as has been reported for 
marine fish (Moore, 1975). 

The author did not find specimens of the 5“ species of 
sea hare known from Texas waters, Aplysia protea Rang, 
1828, which ANDREws (1971) reported as “uncommon to 
rare.” 
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Donation by the San Diego Shell Club 


The San Diego Shell Club again this year made a generous 
contribution to the Endowment Fund of the C. M. S., for 
which we express our sincere thanks. Such regular annual 
donations mean a great deal to us, both as a token of 
continued support - thus implying approval of our goals, 
as well as actually helping us to reach our goals eventually. 
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Donation by 
The Southwestern Malacological Society 


The Southwestern Malacological Society sent a very gen- 
erous contribution to our Endowment Fund. As we have 
pointed out on previous occasions, such donations materi- 
ally assist us in keeping our membership rates at their 
extremely low level. Thus, all of our members benefit from 
these donations. We express our thanks to the Society on 
behalf of the entire membership. 


Endowment Fund 


In the face of continuous rises in the costs of printing 
and labor, the income from the Endowment Fund would 
materially aid in avoiding the need for repeated upward 
adjustments of the membership dues of the Society. It 
is the stated aim of the Society to disseminate new infor- 
mation in the field of malacology and conchology as widely 
as possible at the lowest cost possible. 

At a Regular Membership meeting of the Society in No- 
vember 1968 a policy was adopted which, it is hoped, 
will assist in building up the Endowment Fund of the 
Society. 

An issue of the journal will be designated as a Memorial 
Issue in honor of a person from whose estate the sum of 
$5000.- or more has been paid to the Veliger Endowment 
Fund. If the bequest is $25 000.- or more, an entire volume 
will be dedicated to the memory of the decedent. 


ADDENDUM 


Dr. Ethel Tobach has requested that we call to the atten- 
tion of our readers that a phrase was omitted from the 
manuscript. It should be added to the acknowledgment 
for the paper: “Preliminary Observations of the Behavior 
of Aplysia dactylomela (Rang, 1828) in Bimini Waters”, 
page 352: 


This study was also supported by Grant No. 1 RO3 
MH24275-01. 


New Postage Rates 


Although the Postal Service continues to deteriorate con- 
sistently, the postal rates are increased by 30 to 100%. 
We are, therefore, forced to increase the handling charges 
as well as the postage charges on the subscription. The 
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following rates will be in effect on all new subscriptions 
and subscription renewals as of December 28, 1975: 

$1.- on subscriptions and memberships in the U. S. A.; 
$2.50 on memberships and subscriptions to PUAS coun- 
tries (Mexico, Central and South America and Spain) ; 
$3.50 to all other foreign countries, including Canada. 
We wish to stress that we are NOT INCREASING 
either membership dues or subscription rates, in spite of 
increased printing costs. But at the same time, we wish 
to call the attention to our Endowment Fund, the income 
from which enables us, in part, to keep these charges at 
the established levels. Contributions (tax deductible in 
the U.S. A.) are always welcome. 


Special Notice to Claims Librarians: 


We are much disturbed by the steadily increasing num- 
ber of premature claims for supposedly “missing” issues 
of our journal. Since we have announced on numerous 
occasions that our journal is mailed on the dates printed in 
the issues, 7. e., number 1 on July 1, number 2 on October 
1, number 3 on January 1 and number 4 on April 1 of each 
volume year, it is unreasonable to expect delivery of the 
issues earlier than at least one week after these dates; 
however, a much longer time must be allowed for delivery 
to addresses at various distances from Berkeley. ‘Thus, for 
example, a two weeks lapse is not unusual for as short 
distances as 500km; and up to 3 and 4 months must be 
counted on for addresses in the Far East and in Africa. 
We are faced with the alternative of not replying to what 
we must consider premature claims or, if the trend con- 
tinues, we must increase our subscription rates to cover 
these additional expenses. Our past efforts at keeping the 
subscription rate as low as possible are, we believe, suffi- 
cient evidence that we simply cannot afford any other 
course of action. The postal service causes us enough 
financial losses. Therefore we urgently request that before 
a Claim is made, the time schedule be carefully checked. 
We are grateful for the understanding of this difficult 
situation shown by many librarians and will be grateful 
to those who, heretofore being perhaps eager to make sure 
that the library receives what is coming to it, will exercise 
a little patience. 

Your harassed Editor. 
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Tue CALIFORNIA MALACOZOOLOGICAL Society, Inc. 
announces 


Backnumbers of 


THE VELIGER 
and other publications 


Volumes 1 through 8: out of print 


Volume 9: $22.- Volume 10: out of print 
Volumes 11 and 12: out of print 
Volume 13: $24.- Volume 14: $28.- 
Volume 15: $28.- Volume 16: $32.- 
Volume 17: $34.- Volume 18: $34.- 


We now have a limited number of volumes 9, 11, 12, 13, 
14, and 15 available bound in full buckram, black with 
gold title. These volumes sell as follows: Volume 9 at $27.-; 
Volume 11 and 13 at $29.- each; Volumes 12, 14, and 15 
at $33.-; Volume 16 at $38.-; Volume 17 at $41.-; to this 
we must add a handling charge of $2.25 per volume for 
shipment to domestic addresses and $4.00 for shipment to 
any foreign address. Further, we must collect the appro- 
priate amount of sales tax on the price of the bound vol- 
umes sold to California residents. 


Supplements 


Supplement to Volume 3: $6.-* plus handling charge 
[Part 1: Opisthobranch Mollusks of California 
by Prof. Ernst Marcus; 

Part 2: The Anaspidea of California by Prof. R. Beeman, 
and The Thecosomata and Gymnosomata of the Cali- 
fornia Current by Prof. John A. McGowan] 

[The two parts are available separately at $3.- each plus 
a handling charge (see below). If purchased separately, 
each part is subject to the California State sales tax if 

mailed to California addresses]. 

Supplement to Volume 6: out of print. 

Supplement to Volume 7: available again; see announce- 
ment below. 

Supplement to Volume 11: $6.-* plus handling charge. 
[The Biology of Acmaea by Prof. D. P Aszorrt et al., ed.] 
Supplement to Volume 14: $6.-* plus handling charge. 
[The Northwest American Tellinidae by Dr. E. V. Coan] 
Supplement to Volume 15: $15.-* plus handling charges 
as follows: $1.50 for addresses in the United States of A- 
merica; $3.00 for all other addresses. 

[A systematic Revision of the Recent Cypraeid Family 
Ovulidae by Crawrorp Netti Cate] 
Supplement to Volume 16: $8.-* plus handling charge. 
[The Panamic-Galapagan Epitoniidae by Mrs. Helen 
DuShane] 


Supplement to Volume 17: $3.-* plus handling charge. 
[Growth Rates, Depth Preference and Ecological Succes- 
sion of Some Sessile Marine Invertebrates in Monterey 
Harbor by Dr. E. C. Haderlie] 
Supplement to Volume 18: $10.-* plus handling charge. 
[The Biology of Chitons by Robin Burnett e¢ al.]. 


(Our supply of this supplement is exhausted; however, 
copies may be available by making application to the 
Secretary, Hopkins Marine Station, Pacific Grove, Cali- 
fornia 93950.) 

Unless otherwise specified, the following guidelines for 
estimating the handling charges should be used: Mini- 
mum for U.S. A. $1.50. If an order is for 2 or more items, 
add $0.30 for each. Minimum for all foreign coutries: 
$3.-; add $0.45 for each item in addition to the first one. 
These charges reflect the latest increases in fees by the U. 
S. Postal Service. 

Items marked with * are subject to sales tax in the State 
of California; residents of that State please add the 

appropriate amount to their remittances. 


Prices subject to change without notice. 
Send orders with remittance to: 


Mrs. J. DeMouthe Smith, Department of Geology, Cali- 

fornia Academy of Sciences, Golden Gate Park, San Fran- 

cisco, California 94118. Please make remittance payable 

to C. M.S., Inc. in U. S. $, net and free of any fees to the 

Society. 

Shipments of material ordered are generally made within 
two weeks after receipt of remittance. 


Subscription to Volume 19 (July 1, 1976 to April 1, 1977) 
is US$ 25.- plus announced postage charges. 


Affiliate Membership for the fiscal year 1976/1977 has 
been set again at US$ 12.- plus the announced postage 
charges. 


We must emphasize that under no condition can we ac- 
cept subscription orders or membership applications for 
calendar year periods. If “split volumes” are required, 
we must charge the individual number costs. Individual 
issues sell at prices ranging from US$12.- to US$20.-, 
depending on the cost to us. 


Effective January 1, 1967 there will be an initiation fee 
of $2.- for persons joining the Society. 
Backnumbers of the current volume will be mailed to new 
subscribers, as well as to those who renew late, on the 
first working day of the month following receipt of the 
remittance. The same policy applies to new members. 
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Membership open to individuals only - no institutional or 
society memberships. Please send for membership ap- 
plication forms to the Manager or the Editor. 


Membership renewals are due on or before April 15 
each year. If renewal payments are made after April 15 
but before March 15 of the following year, there will be 
a re-instatement fee of $1.-. Members whose dues pay- 
ments (including the re-instatement fee) have not been 
received by the latter date, will be dropped from the rolls 
of the Society. They may rejoin by paying a new initiation 
fee. The volume(s) published during the time a member 
was in arrears may be purchased, if still available, at the 
regular full volume price plus applicable handling charges. 


Claims for defective or missing pages must reach us 
within 60 days from the publication date. We will not 
respond to claims of missing issues made less than 30 
days by domestic addressees, or less than 60 days by foreign 
addressees after the publication date of our journal issues. 
This refusal is necessary as we have received an increasing 
number of “claims” as much as 6 months before the 
claimed issue was to be published. We wish to conserve 
our energy and the cost of postage and stationery for more 
productive purposes. 


A Glossary of A Thousand-and-One Terms 
Used in Conchology 
by Winirrep H. ARNOLD 


originally published as a supplement to volume 7 of the 
Veliger has been reprinted and is now available from 
The Shell Cabinet, Post Office Box 29, Falls Church, 
Virginia 22046, U. S. A. The cost is US$ 3.50 postpaid 
if remittance is sent with the order. 


CALIFORNIA 
Matacozootocicat Society, Inc. 


is a non-profit educational corporation (Articles of In- 
corporation No. 463389 were filed January 6, 1964 in 
the office of the Secretary of State). The Society publishes 
a scientific quarterly, the VELIGER. Donations to the 
Society are used to pay a part of the production costs and 
thus to keep the subscription rate at a minimum. Donors 
may designate the Fund to which their contribution is 
to be credited: Operating Fund (available for current 
production) ; Savings Fund (available only for specified 
purposes, such as publication of especially long and signi- 
ficant papers); Endowment Fund (the income from 
which is available. The principal is irrevocably dedicated 
to scientific and educational purposes). Unassigned dona- 
tions will be used according to greatest need. 


Contributions to the C.M.S., Inc. are deductible by 
donors as provided in section 170 of the Internal Revenue 
Code (for Federal income tax purposes). Bequests, lega- 
cies, gifts, devices are deductible for Federal estate and 
gift tax purposes under section 2055, 2106, and 2522 of 
the Code. The Treasurer of the C. M. S., Inc. will issue 
suitable receipts which may be used by Donors to substan- 
tiate their respective tax deductions. 


Publication Date of THE VELIGER 


THE PUBLICATION DATE of The Veliger is the date printed 
on the mdex page; this applies even if the date falls on a 
legal holiday or on a Saturday or Sunday, days when the 
U. S. Postal Service does not expedite second class mail 
matter. That the printed date is the actual date of pub- 
lication under the rules of the International Commission 
on Zoological Nomenclature is based on the following 
facts: 1) The journal is delivered to the Post Office on 
the first day of each quarter, ready for dispatch; 2) at 
least three copies are mailed either as first class items or 
by air mail; 3) about 20 copies are delivered in person 
to the mail boxes or to the offices of members in the 
Berkeley area; 4) two copies are delivered to the re- 
ceiving department of the General Library of the Univer- 
sity of California in Berkeley. Thus our publication is 
available in the meaning of the Code of the ICZN. The 
printed publication date, therefore, may be relied upon 
for purposes of establishing priority of new taxa. 


REGARDING POSTAL SERVICE 


It is general knowledge that in spite of the optimistic 
statements made in the propaganda disseminated by the 
U. S. Postal Service, the service continues to deteriorate. 
Regrettably, however, the United States of America is not 
alone in this respect. Evidence is accumulating in our 
offices to the effect that irregularities occur in other count- 
ries as well; to our surprise, Japan is one of these. Since 
we have designed a system which makes it impossible to 
omit mailing copies of our journal to any member or sub- 
scriber who is paid up, and because of the regulations 
pertaining to the second class mailing permits, we know 
that if a copy does not reach the addressee, the fault lies 
with the postal system of the country or area of destina- 
tion. Our complaints to the local Post Office can bear no 
fruit in such cases. We must request our members and sub- 
scribers to inquire at their local post offices if their copies 
do not arrive. We cannot replace lost copies free of charge 
and, unless the journal were mailed by insured post, the 
Post Office will not indemnify the injured party. The 
losses we have sustained in the past years have been 


Vol. 19; No. 1 


mounting steadily, and not in proportion to our increased 
circulation. 

We are willing to accept requests for expediting our 
journal via AIR MAIL; however, in that case we must 
ask for an additional payment of US$8.00 in all cases 
where the Veliger goes to domestic addresses, and a depos- 
it of US$18.00 for all foreign addresses (including PUAS). 
Of course, we will carry forward as a credit toward the 
postage charges of the following year any amount over the 
actually required postage charges. 


In view of the ever increasing difficulties in the postal 
service, it is essential that members and subscribers not 
only give us prompt and early notice of address changes, 
but that proper arrangement for forwarding of our jour- 
nal be made with the local post office (at the old address). 


Moving? 


If your address is changed it will be important to notify 
us of the new address at least six weeks before the 
effective date, and not less than six weeks before our 
regular mailing dates. Because of a number of drastic 
changes in the regulations affecting second class mailing, 
there is now a sizeable charge to us on the returned 
copies as well as for our remailing to the new address. 
We are forced to ask our members and subscribers for 
reimbursement of these charges; further, because of 
increased costs in connection with the new mailing plate, 
we also must ask for reimbursement of that expense. 
Effective January 8, 1968 the following charges must be 
made: 


change of address — $1.- 


change of address and re-mailing of a returned issue 
— $2.75 minimum, but not more than actual costs to us. 


We must emphasize that these charges cover only our 
actual expenses and do not include compensation for 
the extra work involved in re-packing and re-mailing 
returned copies. 


At present we are charged a minimum fee of $8.50 
on each order for new addressograph plates. For this rea- 
son we hold off on our order until 6 weeks before mailing 
time, the very last moment possible. If, for any reason, 
a member or subscriber is unable to notify us in time and 
also is unable to make the proper arrangement with the 
Post Office for forwarding our journal, we will accept 
a notice of change of address, accompanied by the proper 
fee and a typed new address on a gummed label as late 
as 10 days before mailing time. We regret that we are 
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absolutely unable to accept orders for changes of address 
on any other basis. In view of the probable further cur- 
tailment in the services provided by the Postal Service, we 
expect that before long we may have to increase these 
time intervals. 


To Prospective Authors 


Postal Service seems to have deteriorated in many other 
countries as well as in the United States of America. Since 
we will absolutely not publish a paper unless the galley 
proofs have been corrected and returned by the authors, 
the slow surface mail service (a minimum of 6 weeks from 
European countries, 8 to 12 weeks from India and Africa) 
may make a delay in publication inevitable. We strongly 
urge that authors who have submitted papers to the Veli- 
ger make all necessary arrangements for expeditious read- 
ing of the proofs when received (we mail all proofs by air 
mail) and their prompt return by air mail also. 

Since we conscientiously reply to all letters we actually 
receive, and since we experience a constant loss in insured 
and registered mail pieces, we have come to the conclusion 
that if a correspondent does not receive an answer from 
us, this is due to the loss of either the inquiry or the reply. 
We have adopted the habit of repeating our inquiries if 
we do not receive a reply within a reasonable time, that 
is 6 weeks longer than fairly normal postal service might 
be expected to accomplish the routine work. But we can 
not reply if we have never received the inquiry. 

Because of some distressing experiences with the Postal 
Service in recent weeks, we now urge authors who wish 
to submit manuscripts to our journal to mail them as 
insured parcels, with insurance high enough to cover the 
complete replacement costs. Authors must be prepared 
to document these costs. If the replacement costs exceed 
$200.-, the manuscript should be sent by registered mail 
with additional insurance coverage (the maximum limit 
of insurance on parcel post is, at present, $200.-). We are 
unable to advise prospective authors in foreign countries 
and would urge them to make the necessary inquiries at 
their local post offices. 

We wish to remind prospective authors that we have 
announced some time ago that we will not acknowledge 
the receipt of a manuscript unless a self-addressed stamped 
envelope is enclosed (two International Postal Reply 
Coupons are required from addresses outside the U.S. 
A.). If correspondence is needed pertaining to a manu- 
script, we must expect prompt replies. If a manuscript is 
withdrawn by the author, sufficient postage for return by 
certified mail within the U.S.A. and by registered mail to 
other countries must be provided. We regret that we must 
insist on these conditions; however, the exorbitant in- 
creases in postal charges leave us no other choice. 
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Regarding UNESCO Coupons 


We are unable to accept UNESCO coupons in payment, 
except at a charge of $2.50 (to reimburse us for the ex- 
penses involved in redeeming them) and at $0.95 per $1.00 
face value of the coupons (the amount that we will receive 
in exchange for the coupons). We regret that these char- 
ges must be passed on to our correspondents; however, 
our subscription rates and other charges are so low that 
we are absolutely unable to absorb additional expenses. 


Supplements 


Many of our members desire to receive all supplements 
published by the Society. Since heretofore we have sent 
supplements only on separate order, some members have 
missed the chance of obtaining their copies through over- 
sight or because of absence from home. It has been sug- 
gested to us that we should accept “standing orders” from 
individuals to include all supplements published in the 
future. After careful consideration we have agreed to the 
proposal. We will accept written requests from individuals 
to place their names on our list to receive all future sup- 
plements upon publication; we will enclose our invoice 
at the same time. The members’ only obligation will be 
to pay promptly upon receipt of the invoice. 

Requests to be placed on this special mailing list should 
be sent to Mrs. J. DeMouthe Smith, Manager, C.M.S., 
Department of Geology, California Academy of Sciences, 
Golden Gate Park, San Francisco, CA(lifornia) 94118. 


WE CALL THE ATTENTION orf our 


foreign correspondents to the fact that bank drafts or 
checks on banks other than American banks are subject 
to a collection charge and that such remittances cannot be 
accepted as payment in full, unless sufficient overage is 
provided. Depending on the American banks on which 
drafts are made, such charges vary from a flat fee of $1.- 
to a percentage of the value of the draft, going as high 
as 33%. Therefore we recommend either International 
Postal Money Orders or bank drafts on the Brentwood 
Branch of United California Bank in Los Angeles. This 
institution has agreed to honor such drafts without charge. 
UNESCO coupons are NOT acceptable except as in- 
dicated on this page. 
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BOOKS, PERIODICALS, PAMPHLETS 


El género Venus en la Coleccién de Fésiles Terciarios 


y Cuartarios de R. A. Philippi (1887) 


by Dante FrassInetmti. Boletin del Museo Nacional de 
Historia Natural, Santiago, Chile, vol. 33: 43-51; 11 
figs.; 1 map; 1 table. 1974. 


The important Chilean Tertiary and Quaternary collec- 
tions amassed by R. A. Philippi during the nineteenth 
century are preserved in the Museo Nacional de Historia 
Natural, Santiago, where they are currently being re- 
viewed and re-curated. The majority of species described 
and illustrated by Philippi (1887: Los fésiles Terciarios y 
Cuartarios de Chile) were found to be present. This re- 
port lists the species cited by Philippi in the genus Venus, 
material representing them in the Museo Nacional, and 
modern taxonomic assignments for many. Ten species re- 
ceive more detailed taxonomic discussion, and their type 
specimens are illustrated. 


Barry Roth 


New Zealand Seashells in Colour 


photographs by G. J. H. Moon; text by J. R. PENNIKET. 
112 pp.; 51 “plates” in color; published by A. H. & A. W. 
Reed, Wellington, New Zealand; available from Charles 
E. Tuttle Company, Inc., Rutland, Vermont. U. S. $8.50. 


Although the illustrations in this roughly 7x7” booklet, 
are very good to superb, and the text is well written so 
that an average schoolboy can understand it, the price, 
even in today’s market, seems to put this work out of 
reach of those for whom it seems to be intended. Perhaps 
an indulgent aunt or uncle may consider this booklet as 
a suitable Christmas present for a child who appears to be 
be interested in pretty shells. 

R. Stohler 


Malacological Review 


P.O. Box 801, Whitmore Lake, Michigan 48189, U.S. A. 
vol. 9; v+213 pp.; illust. 1976. 


The value of this publication in assisting the malacological 
workers to keep abreast of current developments in this 
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field can not be emphasized enough. In addition to the 
facsimile reproductions of the tables of contents of a num- 
ber (ever increasing!) of malacological periodicals,there 
are also important contributions in the form of original 
articles; a series of abstracts of papers presented at the 
symposium on Mollusca in Sydney (Australia) at the end 
of August 1975 will be found to be of great value, especi- 
ally to the student interested in the molluscan fauna of the 
Sydney area. 

We cannot refrain from commenting on the continued 
low price set for this publication - and that in spite of 
the obvious effect the increasing costs and continued de- 
terioration of the postal service throughout a large part of 
the world must have on the economics of this enterprise, as 
it does on so many other publications. One wonders how 
long it will be before the postal service succeeds in killing 
off all scientific journals and periodical publications. 

R. Stohler 


1976 International Directory of Conchologists 


published by The Shell Cabinet, Post Office Box 26, Falls 
Church, Virginia 22046, U.S.A. US$3.50, including 
postage and handling. 


This latest edition of the ‘address book”, in a handsome 
light blue paper cover, contains a 38 page list of names 
of professional and amateur malacologists and concho- 
logists. The publishers have made a strenuous effort to 
make this a reliable source of addresses, a difficult task 
with as mobile a group of people as conchologists and 
malacologists appear to be. As in the previous editions, 
addresses are arranged alphabetically under geographical 
subheadings. In view of the fact that each year brings 
large numbers of new enthusiasts into the field, it must 
be of necessity somewhat outdated the moment it comes 
off the presses. But in spite of this one inherent short- 
coming, there is, as far as we know, nothing on the 
market that is better or even equally serviceable. 

R. Stohler 


New Species of Marine Mollusks 
from Pitcairn Island and the Marquesas 


by Haratp A. REHDER & Barry R. Witson. Smithsonian 
Contributions to Zoology No. 203: 16 pp.; 1 color plate; 
10 figs. in text. 1975. 


New species described and superbly illustrated are: Cyp- 
raea kingae, Phenacovolva carneopicta, Chicoreus (Chico- 
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murex) venustulus, Fusinus galatheae bountyi, Ziba cerno- 
horskyi and Conus marielae. 
R. Stohler 


Kelp Habitat Improvement Project 
Annual Report 
1 July, 1973 — 30 June, 1974 


edited by WHEELER J. Nortu. W. M. Keck Laboratory of 
Environmental Health Engineering, California Institute 
of Technology, Pasadena, California. 137 pp.; 34 figures; 
17 tables. 1975. 


This is the eleventh report of this interesting and continu- 
ing study. As in the previous issues, careful documentation 
is provided for experiments, results and observations re- 
ported. A particularly valuable contribution is contained 
in chapter 6,which is a review and a compilation of the 
widely scattered literature on the role of sea urchins in the 
general ecology of kelp and other seaweeds. 

R. Stohler 


MOLLUSCA : CAUDOFOVEATA 


by Lurrrriep von SALVINI-PLAWEN. Marine Invertebrates 
of Scandinavia, No. 4: 55 pp.; 59 text figs. Scandinavian 
University Books (Universitetsforlaget), Oslo. 1975 
N. Kr, 45.00. 


Dr. Salvini-Plawen, 1* Zoological Institute, University of 
Vienna, Austria, long has been known as a specialist and 
an authority on the peculiar group of worm-like mollusks, 
known as solenogasters. This, his latest contribution, 
deals with the molluscan class Caudofoveata, formerly in 
the family Chaetodermatidae, order Aplacophora, class 
Amphineura. In his introduction he discusses the histori- 
cal taxonomic treatment of the solenogasters and offers 
suggestions relating to their origin and evolutionary de- 
velopment. Treated in some detail are 3 families, 4 genera, 
and 12 species of Caudofoveata, of which 9 species are 
Scandinavian. Species accounts include good photographic 
illustrations of whole animals or parts of them, detailed 
morphological drawings of mantle-scales, radulae, and 
other parts, accompanied by maps indicating the geo- 
graphical range of each species considered. Included also 
are brief instructions for collecting and preserving soleno- 
gasters. 


The other 3 issues of “Marine Invertebrates of Scandi- 
navia”’ are as follows: 
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No.1 Muzar: Tunicata Ascidiacea. N. kr. 48.00 
No. 2: CHRISTIANSEN: Crustacea Decapoda Brachy- 
ura N. kr. 48.00 
No. 3 Crark: Echinodermata Crinoidea. N. kr. 48.00 
Allyn G. Smith 
THE CEPHALOPODA 


by Cart Cuun. Vol. 18 in “‘Wissenschaftliche Ergebnisse 
der deutschen Tiefsee-Expedition auf dem Dampfer “Val- 
divia” 1898-1899. Gustav Fischer Verlag, Jena. 


Part I: Oegopsida 
pp. 1-396; 61 plts.; 32 text figs. 1910 


Part II: Myopsida, Octopoda 
pp. 405 - 542; 34 plts.; 39 text figs. 1915 


Translated from the German by the Israel Program for 
Scientific Translations, Jerusalem, 1975, issued in 2 vol- 
umes: vol. 1 is the text (x+436 pp.; 71 text figs.) ; vol 2 
is the atlas of 95 plates, of which 20 in color and 15 as 
foldout. Technical editing by Clyde F E. Roper and 
Ingrid H. Roper. Available from U. S. Department of 
Commerce, National Technical Information Service, 

Springfield, Virginia 22151 at US$40.00. 15 May 1976 


The Gustav Fischer Verlag was well known for the pub- 
lication of large works lavishly illustrated with superb 
lithographs with colors of unbelievable delicacy and great 
accuracy of color. Many of the works published are today 
classics and indispensable to the modern worker. Because 
of the peculiarity of the scientific German language of 
combining several words into one word and the fabrica- 
tion of many new, special terms, often hybrids of German 
and Latin or Greek roots, the reading of these works is 
fraught with many pitfalls for the reader whose mother 
tongue is not German. For this reason, if for no other, 
the present translation is of inestimable valuesince not only 
has the German text been skillfully rendered into English, 
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but the many special technical terms used by Chun have 
been felicitously rendered into their correct English equi- 
valents through the efforts of the Ropers. 

We were able to compare the reproductions of Chun’s 
plates with the original plates, side by side. And we were 
very much impressed with the faithfulness of these repro- 
ductions; the original lithographs, having been produced 
literally as lithographs with stones show no “screen”; the 
reproductions, made with modern methods, employing 
color separations and, consequently, screens, have a- 
chieved an astounding degree of delicacy in the colors. It 
is quite obvious that craftsmen of the highest competence 
have been employed in the production of the work. All in 
all, this work is of highest quality in every respect. The 
price is surprisingly low at $40.00. 

R. Stohler 


The Best of the Nautilus 
A Bicentennial Anthology of American Conchology 


edited by R. Tucker Axszort. 280 pp., illust. 1976. 
Available from American Malacologists, P O. Box 4208, 
Greenvile, DE(laware) 19807 at $13.95 (order with re- 
mittance) or $16.00 (with invoice) for the Library Edi- 
tion; $38.00 for the Bicentennial Presentation Copy; or 
$175.00 for a specially bound copy. 


This conchological addition to the Bicentennial Year of 
the United States of North America contains a selection of 
articles from early volumes of the Nautilus, beginning with 
volume 3; the forerunner of the journal, a post card, orig- 
inally published as “Vol. I. No. 1” of the “Conchologist’s 
Exchange” is also reproduced. 

The collection is subdivided into 8 sections, variously 
titled; for example: Early Collecting on the Atlantic 
Coast; Pioneering on the Pacific Coast; etc. Each section 
contains an appropriate selection of articles. The charm of 
some of the early contributors is preserved since the work 
is reproduced by the photo-offset method. 

R. Stohler 


THE VELIGER is open to original papers pertaining to any problem 
concerned with mollusks. 

This is meant to make facilities available for publication of original 
articles from a wide field of endeavor. Papers dealing with anatomical, 
cytological, distributional, ecological, histological, morphological, phys- 
iological, taxonomic, etc., aspects of marine, freshwater or terrestrial 
mollusks from any region, will be considered. Even topics only indi- 
rectly concerned with mollusks may be acceptable. In the unlikely event 
that space considerations make limitations necessary, papers dealing 
with mollusks from the Pacific region will be given priority. However, 
in this case the term “Pacific region” is to be most liberally interpreted. 

It is the editorial policy to preserve the individualistic writing style of 
the author; therefore any editorial changes in a manuscript will be sub- 
mitted to the author for his approval, before going to press. 

Short articles containing descriptions of new species or lesser taxa will 
be given preferential treatment in the speed of publication provided 
that arrangements have been made by the author for depositing the 
holotype with a recognized public Museum. Museum numbers of the 
type specimens must be included in the manuscript. Type localities 
must be defined as accurately as possible, with geographical longitudes 
and latitudes added. 

Short original papers, not exceeding 500 words, will be published in 
the column “NOTES & NEWS’; in this column will also appear notices 
of meetings of the American Malacological Union, as well as news items 
which are deemed of interest to our subscribers in general. Articles on 
“METHODS & TECHNIQUES” will be considered for publication in 
another column, provided that the information is complete and tech- 
niques and methods are capable of duplication by anyone carefully fol- 
lowing the description given. Such articles should be mainly original 
and deal with collecting, preparing, maintaining, studying, photo- 
graphing, etc., of mollusks or other invertebrates. A third column, en- 
titled “INFORMATION DESK,” will contain articles dealing with any 
problem pertaining to collecting, identifying, etc., in short, problems 
encountered by our readers. In contrast to other contributions, articles 
in this column do not necessarily contain new and original materials. 
Questions to the editor, which can be answered in this column, are in- 
vited. The column “BOOKS, PERIODICALS, PAMPHLETS” will 
attempt to bring reviews of new publications to the attention of our 
readers. Also, new timely articles may be listed by title only, if this is 
deemed expedient. 

Manuscripts should be typed in final form on a high grade white 
paper, 812” by 11”, double spaced and accompanied by a carbon copy. 

A pamphlet with detailed suggestions for preparing manuscripts 
intended for publication in THE VELIGER is available to authors 
upon request. A self-addressed envelope, sufficiently large to accom- 
modate the pamphlet (which measures 51/2” by 81/2’), with double first 
class postage, should be sent with the request to the Editor. 
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CONTENTS 


Apertural Microprojection Size Correlations in Pupillid and Polygyrid Land Snails. 
(7 Plates) 
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West America. (1 Plate; 2 Text figures) 
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Note: The various taxa above species are indicated by the use of different type styles 
as shown by the following examples, and by increasing indentation. 
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Growth of the Littleneck Clam, Protothaca staminea, on Porpoise Island, Southeast 
Alaska. (2 Text figures) 
A. J. Paut, Jupy M. Paut « Howarp M. FEDER . 


A Burrowing Response of Mercenaria mercenaria (Linnaeus, 1758) elicited by 
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Spawning, Development and Ecology of Some Higher Neogastropoda from the 
Caribbean Sea of Colombia (South America). (17 Text figures) 
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in Pupillid and Polygyrid Land Snails 
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(7 Plates) 


INTRODUCTION 


THE PRESENCE OF microprojections on the barriers and 
interior apertural walls in many groups of snails was noted 
many years ago, but effective study of this phenomenon 
required availability of the scanning electron microscope 
(hereafter SEM). A general review of this subject (So- 
LEM, 1972) and a subsequent discussion of family level 
differences in the form of the barrier microprojections 
(Sotem, 1973a) were preliminary to the present investi- 
gation, which was designed as a student project during a 
Summer Workshop in scanning electron microscopy at 
Field Museum of Natural History. 

We sought to explore two aspects of microprojection 
structure — were there microprojection size differences 
among congeneric species that demonstrated different 
degrees of apertural narrowing by the major barriers, and 
were there noticeable differences in microprojection size 
and structure of subadult, adult and gerontic individuals 
of the same species. Sovem (1972) had hypothesized that 
species with more constricted apertures would have rela- 
tively larger microprojections, but neither this aspect nor 
the question of ontogenetic differences had been investi- 
gated previously. 

Species belonging to the Pupillidae and Polygyridae 
were utilized, since in both families the reflected lip and 
apertural barriers develop in a relatively short period of 


time at the end of active shell growth. In some groups 
studied previously, such as the Endodontidae and Charop- 
idae, apertural barriers are present throughout the post- 
embryonic life (Sorem, 1973a, 1973b). Similarly, the 
larval shells studied by RoperTson (1971) provided no 
opportunity to evaluate ontogenetic changes in micro- 
projections. The pupillids and polygyrids provided suit- 
able taxa for investigating these questions. 


MATERIALS 


After joint consultation on procedures and objectives, the 
reference collections were searched by SL for suitable sets 
of specimens. We sought to use common, widely distribu- 
ted species, mainly live collected examples without heavy 
mucoid deposits (see SoLEM, 1970: 399 for a discussion of 
SEM viewing problems caused by mucus deposits), and 
sets with a variety of growth stages present. Initial selec- 
tion of material by SL was checked by AS, and then the 
specimens selected and cleaned for mounting. 
The specimens used in this project were: 


Family Pupillidae 


Gastrocopta (Albinula) armifera (Say, 1821) 
FMNH 18739. Bluff of Sangamon River, Men- 
ard County, Illinois 
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FMNH 66310. Joliet, Will County, Illinois. E. 
E. Hand! 29 Oct 1909 
Gastrocopta (Albinula) contracta (Say, 1822) 
FMNH 157685. Glencoe Beach, Glencoe, Cook 
County, Illinois (subfossil) A. Solem! 3 Sep 
1951 
Gastrocopta (Albinula) holzingeri (Sterki, 1889) 
FMNH 64851. Joliet, Will County, Illinois. 
James Ferriss! 
Gastrocopta (Vertigopsis) pentodon (Say, 1821) 
FMNH 64894. Joliet, Will County, Illinois. 
James Ferriss! 
Vertigo (Vertigo) morsei Sterki, 1894 
FMNH 144863. Lake James, Steuben County, 
Indiana. W.S. Blatchley! 12 Jul 1903 
Vertigo (Vertigo) tridentata Wolf, 1870 
FMNH 115040. Canton, Fulton County, Illinois. 
ex John Wolf. Probable paratypes 


Family Polygyridae 


Polygyra (Daedalocheila) auriformis (Bland, 1859) 
FMNH 49944. San Pedro Park, San Antonio, 
Bexar County, Texas 
Polygyra (Erymodon) mooreana (Binney, 1857) 
FMNH 78534. Oglesby, Coryell County, Texas. 
Frank E. Simmons! 1951 
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Polygyra (Erymodon) dorfeuilliana sampsoni Wether- 
by, 1881 
FMNH 15438. Butler, Kansas. 1875. ex Elihu 
Hall 


From one to eight individuals of each species were cleaned 
and mounted, but actual photographs were made on a 
lesser number of examples. The specimens remain in the 
collection of Field Museum, having been demounted and 
returned to their original containers. 


METHODS 


Preparation and mounting of the shells followed the basic 
technique outlined in Sorem (1970). Overnight soaking 
of the specimens in a vial of water tended to loosen dirt 
particles. A 5 to 10 second immersion in a sonic cleaner 
then usually was sufficient to remove nearly all particles. 
Rubber cement blobs were used to fasten the shells to 
the SEM stubs, after air drying of the cleaned specimens. 
All specimen mounting was done by SL. 

The stubs were coated first with carbon and then with 
gold in an Edwards vacuum evaporator, prior to examin- 
ation in a Cambridge S4-10 Stereoscan, which was oper- 
ated by AS and assisted by SL. Photographs were taken 
on Polaroid Type 55 P/N film. Magnifications were ad- 


Explanation of Figures / to 6 


Gastrocopta armifera (Say, 1821) 


bluff of Sangamon River, Menard County, Illinois. FMNH 18739 


Figure 7: Entire shell, fully adult X 23.6 
Figure 2: Slightly subadult aperture 


Figure 3: Microprojections on columellar wall of juvenile X 611 


Figure 4: Juvenile aperture x 45 
Joliet, Will County, Illinois. E. E. Hand! Oct. 29, 1909. 
: FMNH 66310 
Figure 5: Gerontic aperture with fully developed microprojections 
x. 46 
Figure 6: Microprojections on parietal lip of gerontic shell X 611 


Explanation of Figures 7 to 12 


Gastrocopta armifera (Say, 1821) 


bluff of Sangamon River, Menard County, Illinois. FMNH 18739 


Figure 7: Edge of aperture, juvenile shell, showing thin lip and 
paucity of microprojections X 120 
Figure 8: Edge of aperture, gerontic shell, showing thickened lip 
and density of microprojections i X 116 
Figure 9: Growth surface at end of columellar barrier, subadult 
shell X 1115 


Gastrocopta pentodon (Say, 1821) 


Joliet, Will County, Illinois. James Ferriss! FMNH 64894 
Figure 10: Edge of aperture, juvenile shell X 125 
Figure 11: Edge of aperture, gerontic shell X 119 


Gastrocopta armifera (Say, 1821) 
Joliet, Will County, Illinois. E. E. Hand! October 29, 1909 
FMNH 66310 
Figure 12: Microprojections on palatal wall of gerontic specimen 
X1115 


[Sotzem « Lesryx] Figures / to 6 
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justed through use of the Video Presentation Unit to per- 
mit more direct comparison of results. 
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OBSERVATIONS 


Gastrocopta armifera (Figures 2-9, 12) and Polygyra 
auriformis (Figures 33 - 4]) are illustrated in greatest de- 
tail since they show a greater amount of change in micro- 
projection structure from juvenile to adult examples than 
the other species studied. 

Typical adult Gastrocopta armifera (Figure 1) has the 
lip fully reflected, internally thickened, and the parietal 
lip is continuous and slightly elevated. The changes that 
occur in character of the barrier height and lip expansion 
are readily seen in the aperture views of subadult (Figure 
4), adult (Figure 2) and gerontic (Figure 5) specimens. 
The apparently increased lip expansion between adult 
and gerontic individuals is partly an artifact of viewing. 
Figure 7 shows the lip of a juvenile example and Figure 8 
the lip of an adult shell, with both photographs taken from 
a low angle. While the lip of the adult is slightly broader 
(compare the whorl edge-lip edge distances in the two il- 
lustrations), the main difference is caused by internal thick- 
ening of the lip in the gerontic individual. There is a 
more significant difference in these lip stages, in that the 
juvenile (Figure 7) essentially lacks microprojections, 
while the gerontic individual (Figure 8) has very large 
and numerous ones. In the juvenile aperture (Figure 3) 
the microprojections are smaller and more numerous than 
in gerontic individuals at the same magnification (Figure 
6). Something about the method of formation of the mi- 
croprojections can be deduced from Figure 9, which is of 
the anterior growth surface of the columellar barrier in 
the subadult specimen. These projections are single crystal 
extensions from the surface. Figure 12 shows an equi- 
valent angle view of the fully formed palatal wall in a 
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gerontic example and thus adds perspective to the barrier 
edge illustration. 

Polygyra auriformis (Figures 33 - 41) is essentially the 
same in its ontogenetic development. The parietal wall of 
the juvenile aperture (Figure 47) has very small and 
irregularly spaced microprojections when compared with 
gerontic individual microprojections (Figure 38) at es- 
sentially identical magnifications. The contrast is even 
more marked in relation to the microprojections on the 
parietal barriers of adult (Figure 35) and gerontic (Fig- 
ure 39) shells. In both the adult and juvenile specimens, 
the microprojections appear “unfinished” in comparison 
with those on the palatal barrier (Figure 37) and parietal 
wall (Figure 38) of a gerontic shell. Microprojections in 
the gerontic shell are higher, broader, flatter above, and 
more regularly spaced. 

Comparisons within genera as to microprojection size 
and spacing show a consistent pattern. Since 4 Gastro- 
copta are illustrated, they are discussed first. The adult 
aperture in Gastrocopta pentodon (Figure 19) shows 
relatively small barriers and hence a widely open aper- 
ture compared with the aperture of G. contracta (Figure 
15) and G. holzingert (Figure 13). In keeping with the 
reduced size of the barriers, changes in the lip of G. 
pentodon from juvenile (Figure /0) to adult (Figure //) 
involve minor thickening of the lip, but barely visible 
changes in barrier size. The microprojections on the pari- 
etal wall of G. pentodon (Figure 20) are very small and 
crowded. Although at a slightly lower magnification than 
the illustrations from the same area for G. contracta (Fig- 
ure 16) and G. holzingeri (Figure 14), the much larger 
microprojections in these two species are obvious. Al- 
though not a statistically valid test, since only the two spe- 
cimens are involved, measurements of microprojection 
widths in G. contracta (Figure 16) and G. holzingeri were 
made and analyzed. Twenty-five from each illustration 
were measured with an ocular micrometer, and both 
means and standard deviations calculated. A “t” test com- 
parison of the means gave 2.5975 with 48 degrees of 
freedom, indicating a less than 2% probability that the 
microprojections are not slightly different in size. Without 
observations on a number of individuals for each species, 
the 25% mean difference observed cannot be accepted as 
a specific character, but the possibility of species differ- 
ences should be investigated. Columellar wall micropro- 
jections in gerontic G. contracta (Figures 17, 18) show 
details of their structure quite effectively. The raised and 
slightly pointed outer tips (Figure /8) are characteristic 
of pupillid microprojections. Despite these specimens 
coming from unconsolidated sand dune deposits, the de- 
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tails of microstructure were very clear and showed no 
signs of erosion. 

Although the barrier configurations in Gastrocopta ar- 
mifera (Figure 5), G. contracta (Figure 15), and G. holz- 
ingeri (Figure 13) are very different, the net apertural 
narrowing in these species is roughly equivalent. The mi- 
croprojections differ slightly in size, but not drastically. 
In contrast, the much more open aperture of G. pentodon 
(Figure 79) correlates with greatly reduced size of the 
microprojections. 


The situation is equivalent in species of Vertigo (Fig- 
ures 2] - 32). Vertigo tridentata (Figures 2] - 26) shows 
changes in barrier size, lip thickness, and parietal wall cal- 
lus height from juvenile (Figure 22) to adult (Figure 26) 
and gerontic (Figure 23) individuals. The parietal callus 
edge is perhaps the most easily observed feature to check 
age status of individual specimens. Unlike the situation in 
Gastrocopta armifera and Polygyra auriformis, there is no 
indication of size change in the microprojections from ju- 
venile to adults. The microprojections on the barriers 


Explanation of Figures 13 to 20 


Gastrocopta holzingeri (Sterki, 1889) 


Gastrocopta contracta (Say, 1822) 


Joliet, Will County, Illinois. James Ferriss! FMNH 64851 Glencoe Beach, Glencoe, Cook County, Illinois. A. Solem! 
September 3, 1951! FMNH 157685 
Figure 13: Aperture of gerontic shell X 83 Figure 15: Aperture of gerontic shell X 42 
Figure 14: Microprojections on parietal wall X 608 Figure 16: Microprojections on parietal wall X 540 
Figure 17: Microprojections on columellar wall X 210 
Figure 18: Detailed structure of microprojections X 5620 
Gastrocopta pentodon (Say, 1821) 
Joliet, Will County, Illinois. James Ferriss! FMNH 64894 
Figure 19: Aperture of gerontic individual X 84 
Figure 20: Microprojections on parietal wall x 480 
Explanation of Figures 2] to 26 
Vertigo tridentata Wolf, 1870 
Canton, Fulton County, Illinois. ex John Wolf. FMNH 115040 
Probable paratypes 
Figure 21: Microprojections on parietal wall of juvenile 6735 Figure 24: Microprojections on palatal barrier X 2570 
Figure 22: Aperture of juvenile shell X 107 Figure 25: Microprojections on lip edge of gerontic shell X.2 455 
Figure 23: Aperture of gerontic shell X 114 Figure 26: Adult shell aperture X 115 
Explanation of Figures 27 to 32 
Vertigo morsei Sterki, 1894 
Lake James, Steuben County, Indiana. W. S. Blatchley! 
July 12, 1903 FMNH 144863 
Figure 27: Entire shell of gerontic individual X 35 Figure 30: Microprojections on lip edge X 6 900 
Figure 28: Microprojections on columellar barrier X 6 760 Figure 31: Microprojections on parietal wall X 660 
Figure 29: Aperture of gerontic shell : X 102 Figure 32: Microprojections on parietal barrier X 13 360 


[Sotem « Lesryx] Figures 13 to 20 
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(Figure 24) have blunter, broader tips than those on the 
parietal wall (Figure 2/7) or lip edge (Figure 25). Even 
in the gerontic specimen (Figure 23) the aperture of V. 
tridentata is rather widely open, and the microprojections 
thus are relatively small, even on the barrier edges. 

In contrast, Vertigo morsei (Figures 27 - 32) has a quite 
constricted aperture in adults (Figures 27, 29). The lip 
edge microprojections (Figure 30) compare in size and 
distribution to the parietal wall microprojections of V. 
tridentata (Figure 2/) at almost identical magnifications. 
The columellar (Figure 28) and parietal barrier (Figure 
32) microprojections in V. morse are denser, much higher 
and more sharply defined than those in V. tridentata (Fig- 
ure 24). 

Vertigo appears to differ from Gastrocopta in having 
microprojections on the barriers larger than those on the 
lip and apertural walls, while in Gastrocopta these struc- 
tures appear to be equal in size on all parts of the aperture 
and barriers. 

Both Polygyra mooreana (Figures 42 - 44) and P dor- 
feuilliana (Figures 45 - 46), when adult, have the same 
basic microprojections seen in P auriformis. There is no 
clear size distinction between the adult microprojections 
in the three species, and the degree of apertural narrowing 
by the barriers is not greatly different. The microprojec- 
tions are of the same type as, but smaller than, those found 
in Stenotrema barbatum (Clapp, 1904) (SoLem, 1972: 
figs. 23 - 24), which has a grossly constricted aperture. 
While juvenile Polygyra have smaller microprojections 
than adults, the three Polygyra examined here do not 
differ greatly in microprojection size, and in gerontic in- 
dividuals there are no differences in microprojection size 
from one part of the aperture to another. 


DISCUSSION 


The limited materials surveyed here do suggest several 
further topics for investigation. The question of potential 
species differences among pupillids with similar degrees of 
apertural constriction would require studying several ger- 
ontic individuals of each species. Investigation of the 
exact crystal formation in each genus as to possible supra- 
specific or family level differences appears less promising, 
since microprojection form in the polygyrids and Vertigo 
seems nearly identical. The presence of larger micropro- 
jections on the barriers of Vertigo than on the apertural 
walls seems to differ from both Gastrocopta and Polygyra, 
where no such differences were detected. The evidence 
presented here does indicate that, in at least some taxa, 
age differences in microprojection size do exist, and that 
care must be taken to compare equivalent age groups. 
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Not enough material of any one species was examined 
to be certain of growth changes in microprojections, but 
the data obtained from Gastrocopta armifera (Figures 
1-9) are highly suggestive of certain sequences. Some 
microprojections will be found on the barrier tops, parie- 
tal wall, and columellar wall at essentially all stages of 
growth. Thickening of the parietal callus and lip edges 
requires depositing heavy sheets of calcium, and, at 
times (Figure 7), the lip edge and palatal wall may be 
without projections. Once final size is reached, then a 
dense, highly formed layer of microprojections is deposited 
and this character can be used to define gerontic growth. 

Recently Garvey & Wise (1975) published observations 
on the shell aperture surface and mantle edge in various 
archaeogastropods. They found concordance in preserved 
materials between the microprojections and the mantle 
tissue. Whether this agreement is an artifact of preserva- 
tion, with the mantle tissue hardened to the contours, or 
represents an actual deposition edge, remains to be deter- 
mined. The presence of similar microprojections in adult 
Astraea (GaIney & Wiser, 1975: figs. 1-3) confirms the 
wide distribution of this phenomenon in gastropods. Actu- 
al functional investigations of this mechanism remain to 
be carried out. 


CONCLUSIONS 


On the basis of the several species examined, it is evident 
that in some species with highly constricted apertures, 
such as Gastrocopta armifera and Polygyra auriformis, 
the microprojections are smaller in the juveniles than in 
the gerontic individuals. If the hypothesis that these pro- 
jections aid the animal in protruding the body from the 
shell (Sotem, 1972: 86) is correct, then the size increase 
in these microprojections as the aperture becomes more 
highly constricted makes sense. Similarly, the strategy in 
Vertigo of having the largest microprojections on the tops 
of the barriers, where the aperture is narrowest, also 
makes sense. This same strategy is seen in the Charopidae 
and Endodontidae (Sotem, 1973a). 

When congeneric taxa that differ greatly in the degree 
of apertural constriction are compared, the open-aper- 
tured Vertigo tridentata and Gastrocopta pentodon have 
significantly smaller microprojections in at least part of 
the aperture than do their more constricted relatives, V. 
morset and several other Gastrocopta. Comparing the 
huge microplates in Stenotrema barbatum (SoLEM, 1972: 
figs. 23 - 24) with the small plates in the less constricted 
Polygyra illustrated here confirms the general pattern for 
at least some taxa in another family. 
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SUMMARY 


Scanning electron microscope observations on the aper- 
tural and barrier microprojections in four Gastrocopta, 
two Vertigo, and three species of Polygyra demonstrate 
that there can be age differences in the prominence of 
these microprojections, and that taxa with more highly 
constricted apertures will have larger microprojections 
than congeneric relatives with smaller barriers. The mi- 
croprojections are present in smaller numbers in juvenile 
specimens. At certain stages in barrier formation and lip 
thickening, the microprojections can be reduced or absent. 
The microprojections are most strongly developed in 
gerontic individuals of each species. 
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Explanation of Figures 33 to 41 


Polygyra (Daedalocheila) auriformis (Bland, 1859) 


San Pedro Park, San Antonio, Bexar County, Texas. ex John Britts. 


FMNH 49944 
Figure 33: Microprojections on palatal barrier of adult shell Figure 38: Microprojections on parietal wall of gerontic shell 
xX 1215 xX 717 
Figure 34: Aperture of adult shell x 15.8 Figure 39: Microprojections on parietal barrier of gerontic shell 
Figure 35: Microprojections on parietal barrier of adult XX 457 ; X 381 
Figure 36: Aperture of gerontic shell X 14.9 Figure go: Aperture of juvenile shell X 15.0 
Figure 37: Microprojections on palatal barrier of gerontic shell Figure 41: Area of parietal wall behind barrier X 733 


X.1 225 


Explanation of Figures 42 to 46 


Polygyra (Erymodon) mooreana (Binney, 1857) 


Oglesby, Coryell County, Texas. Frank E. Simmons! 1951. 
FMNH 78534 
Figure 42: Aperture of gerontic individual X 22.8 
Figure 43: Microprojections on parietal wall x 5 655 
Figure 44: Microprojections on parietal wall from low angle 


X.1116 


Polygyra (Erymodon) dorfeuilliana sampsoni Wetherby, 1881 


Butler, Kansas. 1875. ex Elihu Hall. FMNH 15438 
Figure 45: Aperture of gerontic individual X 24.9 
Figure 46: Microprojections on palatal barrier X 980 
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On the Significance of the Bivalve Aczla gettysburgensis (Reagan) 


in Middle Tertiary Chronostratigraphy of the Pacific Coast 


BY 


WARREN O. ADDICOTT: 


Menlo Park, California 94025 


(3 Text figures) 


THE CHRONOZONE OF Acila gettysburgensis (Reagan) 
was first designated by Scuenck (1936: 44) as an Oligo- 
cene and Miocene “biozone” for the Pacific Coast States. 
It is the youngest in a set of 3 sequential Aczla chronozones 
defined by Schenck extending from the late Eocene 
through the early Miocene. Taxonomic and _biostrati- 
graphic work during the past 40 years have changed, 
somewhat, the concept of A. gettysburgensis and, more 
importantly, have clarified its stratigraphic range so that 
it is now possible to utilize it more effectively in middle 
Tertiary chronostratigraphy. 

Acila gettysburgensis (Figure 1) is referable to the sub- 
genus Acila s. s. This distinctive subgenus, distinguished by 
its well-developed rostral sinus, seems to have originated 


Figure 1 


Acila gettysburgensis (Reagan) 
a) holotype, USNM 328302, upper member of the Twin River 
Formation, Gettysburg, Washington; b and c) USNM 240208, 
USGS loc. M2509, Unit I of the Astoria Formation, Grays River 
quadrangle, Washington [all figures natural size] 


during the late Oligocene in the eastern North Pacific 
Ocean. Its initial occurrences in Central America, South 
America, and the western North Pacific (ScHENCK, 
1936) appear to be of somewhat younger age. The sub- 
genus is particularly useful in stratigraphic correlation in 
the eastern North Pacific owing to its restricted occurren- 


" U.S. Geological Survey and Stanford University 


ces in the stratigraphic record: during the provincial late 
Oligocene and early Miocene (A. gettysburgensis) and, 
again, during the Pliocene (A. semirostrata). 

Acila gettysburgensis has been treated systematically by 
ScHENCK (1936), Moore (1963), and Kanno (1971). 
In the eastern North Pacific it ranged from California 
to the Gulf of Alaska (Figure 2) during the middle 
Tertiary. The species has also been reported from Sakhalin 
(KristorovicH, 1964) in the western North Pacific. 
SCHENCK (op. cit.), in calling attention to the potential 
utility of A. gettysburgensis in chronostratigraphy, noted 
that it ranged throughout the upper part of the Oligo- 
cene [the late Oligocene and early Miocene of this re- 
port], a period of time keyed to the then poorly known 
Zemorrian and Saucesian Stages (KLEINPELL, 1934) of 
the benthic foraminiferal chronology. Although he con- 
sidered the peak abundance to have occurred during the 
Zemorrian Age, a fact that has been borne out by subse- 
quent work (DurHAm, 1944; Moore, 1963; WoLFE & 
McKez, 1972), he noted that its chron was in part 
younger based upon occurrences in the Astoria forma- 
tion of Oregon and, presumably, in the “ ‘Monterey’ for- 
mation” of the Santa Cruz Mountains near Point Ano 
Nuevo, central California. The “Monterey” occurrence, 
if correct, would extend the range of A. gettysburgensis 
into the provincial Pliocene inasmuch as it is actually 
from the Santa Cruz Mudstone of Crarx (1966). The 
Acila in question is actually the late Neogene species A. 
semtirostrata (Grant & Gale, 1931) based upon restudy of 
SCHENCK’s (1936: 80; plt. 13, figs. 4, 9) specimen and 
an additional specimen collected from the same exposure 
(USGS loc. M5150). All of the other occurrences of A. 
gettysburgensis are near the provincial Oligocene/Mio- 
cene boundary. 

The lowest stratigraphic occurrences of Acila geitys- 
burgensis mark the base of the Matlockian Stage (ARMEN- 
TROUT, 1975) or “Blakeley” stage (WEAVER ef al., 1944) 
of the provincial megainvertebrate chronology. They fol- 
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Figure 2 


Index map of the eastern North Pacific Ocean showing some 
occurrences of Acila gettysburgensis (Reagan) 


low, in stratigraphic succession, the chronozone of the 
Galvinian Stage (ARMENTROUT, 1975 [= Refugian Stage 
of ScHENCK & KLEINPELL (1936) ] index species A. shu- 
mardi (Dall, 1909). The seemingly complementary rela- 
tionship between these 2 chronozones is, however, fortui- 
tous because the species belong to different subgenera. The 
relationship of these chronozones to Pacific coast inverte- 
brate megafaunal stages is shown in Figure 3. 

The highest stratigraphic occurrences of Acila gettys- 
burgensis are more difficult to determine. There are a few 


STAGE 


SERIES] Curonozone | Pacific NW | California California 
Megafaunal | Megafaunal } Microfaunal 


Lower 
Miocene Acila 
gettisburgensis 


Matlockian | Unnamed 
[= “Blakeley”]|(Appicorr, 1973) 
Oligo- Gelinign Refugian Refugian 
cene 
A. shumardi (Cpe pent) 
[¥Lincoln”] | (upper part) | (upper part) 


Figure 3 


Saucesian 
(lower part) 


Correlation of middle Tertiary Acila chronozones with Pacific 

coast molluscan and benthic foraminiferal stages. The Refugian 

Stage (ScHENcK & KLEINPELL, 1936) was defined on both 
molluscan and foraminiferal data 


records (Howe, 1926; Moore, 1963; WoLtre & McKes, 
1972; and ArMENTROUT, 1973) from strata that have 
been assigned to the provincial middle Miocene. These 
would be placed in the recently named Newportian Stage 
(Appicott, 1976c) ; they have been correlated (Howe, 
1926; Appicott, 1967) with the ““Temblor” Stage (see 
AppicottT, 1972) of California. Reexamination of each 
of these records, as will be subsequently shown, now 
leads me to the conclusion that there are no bona fide 
middle Miocene (Newportian) occurrences of A. gettys- 
burgensis and that the chron of this species is restricted to 
the provincial late Oligocene and early Miocene of the 
Pacific coast (Figure 3). The highest stratigraphic occur- 
rences of this species are in strata referable to the lower 
Miocene Pillarian Stage (AppicoTT, 1976c). 

In northwestern Washington Acila gettysburgensis oc- 
curs in the upper member of the Twin River Formation 
(DuruHam, 1944; Appicorr, 1976a). The type locality of 
the species is in this unit and is referable to the lower part 
of the Matlockian or “Blakeley” Stage (AppicorT, 1967b). 
On the south flank of the Olympic Mountains near Aber- 
deen, Washington, A. gettysburgensis occurs in the lower- 
most part of the Astoria? Formation on Canyon River 
(USGS loc. M1540 and M3074). The co-occurrence of 
Vertipecten (ARMENTROUT, 1973) with these specimens 
suggests that the record is of early Miocene provincial age, 
referable to the Pillarian stage, and coeval with the faunas 
of the Clallam Formation and the Nye Mudstone of 
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northwestern Oregon. Foraminifers from these strata have 
been determined by Rau (1966: 41-42) to be of early 
Saucesian age which further supports correlation with pre- 
middle Miocene, Pillarian molluscan faunas of Oregon 
and Washington. 

Farther south, Acila gettysburgensis has been recorded 
from the lowest part (Unit I) of WoLFe « McKee’s (1972) 
Astoria Formation of the Grays River quadrangle. Unit I 
is here correlated with Howe's ‘1976) middle shale mem- 
ber of the Astoria Formation at Astoria, Oregon. some 25 
km to the southwest, and also with the Nye Mudstone of 
the Newport embayment. Foraminiferal data from these 
two parts of the Columbia River embayment (Rav in 
Wotre & McKee. 1962; Dopps, 1970) are entirely com- 
patible with this correlation. Both of these stratigraphic 
units are referable to the provincial early Miocene Pillari- 
an Stage. Occurrences in Unit I of the Astoria Formation 
in the Grays River quadrangle are stratigraphically below 
mollusk assemblages that are here correlated with the 
middle Miocene Newportian Stage, typified by the fauna 
of the Astoria Formation of the Newport Embayment, 
northwestern Oregon. 

Occurrences of Acila gettysburgensis in the type area of 
the Astoria Formation at Astoria, Oregon. are correlated 
with the Pillarian Stage (AppicotT, 1976c) of late early 
Miocene age. Benthic foraminiferal studies by Dopps 
(1970) indicate that the stratigraphically highest part of 
the Astoria near the type area - Howe’s (1926) Middle 
Siltstone Member — is referable to the Siphogenerina 
transversa Zone. Accordingly, this 210 meter-thick unit 
is of early Saucesian Age and is, therefore, coeval with 
the Nye Mudstone of the Newport Embayment. Thus 
provincial age and correlation indicated by benthic fora- 
minifers parallels the apparent age suggested by the mol- 
luscan data. 

The Astoria Formation of the Newport Embayment and 
its molluscan fauna serve as a generalized reference strato- 
type for the Newportian Stage (Appicort, 1976c) and 
for middle Miocene correlation in the Pacific Northwest 
States. Acila is of common occurrence in exposures of the 
Astoria in this embayment but of the 40-odd localities 
from which the genus is recorded (Moors, 1963) only 
one has yielded specimens of A. gettysburgensis. All of 
the other records are of Acila ( Truncacila) conradi (Meek), 
a smaller, non-rostrate species readily distinguished from 
A. gettysburgensis. Acila gettysburgensis was initially re- 
corded from the Nye Mudstone by ScHeNncxK (1927). 

The one record of Acila gettysburgensis from this em- 
bayment (Moore, 1963: 54; plt. 12, fig. 10) deserves 
further consideration. It is from a generalized locality 
about 30 - 40m above the base of the Astoria Formation 
on the south side of Yaquina Head (Moore, of. cit., table 


2, loc. 156). The small area from which this species was 
collected has yielded 2 other mollusks — Aturia angustata 
(Conrad) and Aforia tricarinata Addicott — that are not 
known to occur in undoubted middle Miocene exposures 
of the Astoria Formation. Aturia angustata has a well-de- 
fined pre-middle Miocene record along the east Pacific 
margin (AppicoTT, 1976b) and Aforia tricarinata has a 
few other records from the Newport embayment (Javp- 
pour, 1973), all of which are stratigraphically below the 
Astoria Formation. Tivo doubtful occurrences from expo- 
sures of the Astoria Formation west of Newport are also 
listed by Moore (op. cit., table 2, locs. 174 and 177) but 
both are from localities in the upper part of the underly- 
ing Nye Mudstone according to SNAvELY and others 
(1964, 1976). The lack of additional records of A. gettys- 
burgensis from undoubted localities in the Astoria Forma- 
tion of the Newport embayment, coupled with 1) the 
abundance of the genus Acila in these strata, 2) the 
other mollusks occurring with A. gettysburgensis that 
seem to be out of place stratigraphically, and 3) the 
stratigraphic position low in the Astoria Formation, all 
suggest that the sandy beds in this area south of Yaquina 
Head may be equivalent to exposures of the highest part 
of the Nye Mudstone south of the mouth of Yaquina Bay. 
In the light of this evidence, this occurrence of A. gettys- 
burgensis is here considered to be of provincial early 
Miocene age and referable to the Pillarian Stage. 

Acila gettysburgensts is restricted to strata of pre-middle 
Miocene age in the Gulf of Alaska. It occurs in the Oligo- 
cene te lower Miocene Poul Creek Formation in onshore 
parts of the Gulf (Kanno, 1971) and in lower Miocene 
strata on Sitkinak Island (R. C. Allison, written commu- 
nication, January, 1976). It is also reported from the 
Yakataga Formation of Kayak Island (Appicott im PLAF- 
KER, 1974). Mollusks of the Yakataga Formation of Kayak 
Island are of early Miocene age indicating that this insular 
occurrence of the formation is relatively older than any 
of the onshore exposures, all of which are of middle Mio- 
cene or younger age (PLAFKER & AppicoTT, 1976). 
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INTRODUCTION 


AN INCREASING LITERATURE On sea mounts and submerged 
or emergent pinnacles suggests that these are interesting 
places departing often in surprising ways in expected 
biological structure, species composition and distribution 
pattern from that characteristic of the presumed conti- 
nental source areas. There are few a priori reasons for 
anticipating these observed variances. For one, the Pacif- 
ic shore of Western North America from at least Punta 
Baja, Baja California north to Glacier Bay, Alaska shows 
great overlap in the major community membership (Ric- 
KETTS, CaLvin « HepcPeTH, 1968; Paine, 1969). In 
addition, the ecological processes responsible for the local 
patterns of distribution and abundance have been parti- 
ally elucidated, and also appear constant (PaINE, 1966; 
Paine & Vapas, 1969; Esert, 1968; Dayton, 1971; 
Feper, 1959; Conneii, 1970; Harcrr, 1972). Why 
then should sea mounts and near-shore pinnacles be differ- 
ent? Although this contribution does not, and cannot, 
answer the question, it provides a longer and more ex- 
tensive set of biological observations on two pinnacles in 
the mouth of Juan de Fuca Strait. In particular, I focus 
on the mussel, Mytilus californianus Conrad, 1837 since 
it is characteristic of the rocky intertidal zone, has been 
shown to be a competitively dominant species under ex- 
posed coastline conditions (Paine, 1966; Harcer, 1972), 
and also can be a conspicuous member of the pinnacle 
fauna (ScacEL, 1970; Cuan, 1973). 


AREAS anp TECHNIQUES 


The Northwest coast of Washington State, in particular 
the area adjacent to the Olympic Peninsula, is an ex- 
posed rocky shoreline characterized by heavy wave action 


during storms, violent subtidal surge, vigorous currents 
and a tidal range of about 10’ [3m] (maximum on spring 
tides 11.3’ [3.39m]; mean 8.0’ [2.4m], ANonyMous, 
1976) '. The range of offshore rocky structures examined 
varied from Tatoosh Island (124°44’ W; 48°23’N), a 
15 acre island with an extensive shoreline, to Duncan 
and Duntze Rocks (124°44’ W; 48°24.5’N), pinnacles 
separated from both the mainland and Tatoosh by mod- 
erately deep (36m) water, to Spike Rock (124°43’ W; 
48°15’N), another pinnacle close to shore. The locations 
of all these, and others referred to in the text, are given 
in the U. S. Geological Survey map, Cape Flattery quad- 
rangle. 

With the exception of Tatoosh, which has been the sub- 
ject of an extensive shore-based investigation (PAINE, 
1974), all the other sites must be visited by small boat 
and studied by SCUBA. This has not proven easy. The 
seasonally earliest examination made of Duncan Rock 
was 30 April 1973; the latest 25 September 1967. We 
sampled this area successfully on 9 occasions between 
September 1967 and June 1974; two visits were cancelled 

ecause of inclement weather and two other dives were 
made on secondary sites because of heavy swells or un- 
abating current. Duntze Rock was sampled 5 times 
during the interval. Although my intention had been to 
pair the observations on these pinnacles, 3 dives on Duntze 
were aborted due to diver sickness or poor weather. This 
paired sampling was designed to compare these two ad- 
jacent pinnacles, one of which (Duncan Rock) is ex- 
posed at high water, the other of which rises to about — 18’ 
[-5.4m] at ELWS. Spike Rock was intentionally exam- 
ined only once. 


1 Tidal ranges and depths are given in feet to conform to usage in 
the standard tables (ANoNyMous, 1976). Metric equivalents are 
added by the editor. 
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SUBTIDAL MUSSEL BEDS 


Mytilus californianus is found on some (Scacer, 1970; 
Cuan, 1973) but not all (BrrKELAND, 1971) sea mounts. 
Despite being one of the most characteristic invertebrates 
in the rocky intertidal zone, it is uncommon or absent in 
the subtidal area immediately adjacent to large land 
areas. Dives off Tatoosh Island, Mukkaw Bay, Skagway 
Rocks, Spike Rock, Umatilla Reef and the north face of 
Cape Flattery failed to reveal subtidal mussel beds. On the 
other hand, mussels are abundant down to a depth of at 
least — 80’ [- 24m) at Duncan and Duntze Rocks and were 
observed to occur to at least — 125’ [— 37.5m). 

Attempts were made to quantify 2 characteristics of 
these mussels, overall size distribution and percent cover 
of the primary substratum as a function of depth. The 
data for the former (Table 1) were gathered by divers 
collecting at known depths, scraping a known area of 
mussels into a “goodie bag.” They suggest that the mussels 
comprising the matrix of the bed vary in size between 
16.6 - 25.5cm shell length. All size categories of mussels 
are represented. However, examination of the data by 
depth indicates that no small (< 2.0cm) mussels were 
found below — 60’ {- 18m], while the highest proportion 
(17% ) were discovered in the shallowest (—24’ [-7.2m]) 
sample. Although the data are too few for precise state- 
ments, it appears that larval recruitment is to the shal- 
lower portions of the bed. Recruitment may also be spo- 
radic at these depths; an area on a rock wall cleared in 
September 1969 was inhabited solely by bryozoans one 
year later. It could not be relocated in subsequent dives. 

Table 2 gives estimates of percent cover by depth. Cover 
appears solid on occupiable substrates at higher levels 
and diminishes rapidly at depths below — 70’ [- 21m]. 
The high standard deviations around the mean values are 
in accord with the qualitative views of the divers; the 
mussels are patchily distributed in space, and their den- 
sity diminishes with depth. The low value at — 55’ [- 16.5 
m] was caused by large “bare” areas of rock that seemed 
potentially occupiable by mussels. No inter-year varia- 


Table 1 


Size (shell length. cm) distribution of Mvtilus californianus 
at Duncan Rock. Washington. The right hand column 
gives data on the sizes of mussels being eaten by the 
local Pisaster ochraceus. 


Resident population Consumed by Pisaster 


Mussel length 


(cm) number I number ke 

<1.5 2) Hie 

1.6-2.5 15 Dee 

2.6-3.5 12 4.2 1 3.5 

3.6-4.5 5 1.7 

4.6-5.5 13 4.5 1 3.5 

5.6-6.5 9 Brod 

6.6-7.5 12 4.2 

7.6-8.5 9 3.1 

8.6-9.5 8 2.8 2 7 
9.6-10.5 8 2.8 1 5 
10.6-11.5 4 1.4 
11.6-12.5 6 21 2 7.1 
12.6-13.5 5 17 2 7.1 
13.6-14.5 9 Bill 3 10.7 
14.6-15.5 9 3.1 2 7.1 
15.6-16.5 12 4.2 1 3.5 
16.6-17.5 17 5.9 1 3.5 
17.6-18.5 17 5.9 1 3.5 
18.6-19.5 22 Goll 1 3.5 
19.6-20.5 19 6.6 3 10.7 
20.6-21.5 20 7.0 3 10.7 
21.6-22.5 13 4.5 1 3.5 
22.6-23.5 10 3.5 2 7.1 
23.6-24.5 6 21 1 3.5 
24.6-25.5 4 1.4 
25.6-26.5 0 0 

=26.6 1 0.3 


tions were recognized, even though many of the divers 
participated in a number of dives. 

Although fewer data were obtained from Duntze Rock, 
the patterns of mussel distribution, body size and depth of 
occurrence were similar to those at Duncan Rock. 


Table 2 


Percent cover of subtidal surfaces as a function of depth by Mytilus californianus at Duncan Rock. 


Water depth 118) hey 
{[—3.9m] {—7.5m] 

Number of samples etal 2 

Mean % cover 100 98 


Standard deviation Be 4 


—40' DOM —70' 
{—12m] (—16.5m] [—21m] 
9 14 7 
76 28 62 
Be 28 4] 
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SUBTIDAL Pisaster ochraceus 


These mussels represent an enormous potential resource 
for some predator. That species usually associated with 
intertidal mussel beds, preferring them as prey, and lim- 
iting their intertidal distribution is Pisaster ochraceus 
(Brandt, 1835) (Feper, 1959, 1970; Paine, 1966; Lan- 
DENBERGER, 1968; MeNcE « MENGE, 1974). Pisaster oc- 
curs on Duncan and Duntze Rocks but is uncommon. This 
section provides quantitative data on Pisaster and offers 
some speculation on the causes of local density and body 
size variations. 


Body Size: Just as the mussels, on the average, are large, 
so are the sea stars. Table 3 gives a histogram of all Pisas- 
ter ochraceus collected at Duncan (N == 59) and Duntze 
(N =3) Rocks. The modal size is 3250g wet weight 
although the mean (2643 g) is somewhat less. A significant 
point is that this average weight is almost an order of 
magnitude greater than that characterizing Pisaster popu- 
lations found at selected intertidal sites within a 15km 
radius (PaINe, in press). The large body size suggests an 
optimal or near optimal habitat, as might be anticipated 
by continual submergence (unlimited feeding time) and 
an abundance of suitable prey. 


Table 3 


Size distribution of subtidal Pisaster ochraceus at Duncan 
(N = 69) and Duntze (N = 3) Rocks in the mouth of the 
Strait of Juan de Fuca. 


Size interval 


g. wet wt. Number Percent 
0-499 1 1.4 
500-999 4 5.6 
1000-1499 8 11.1 
1500-1999 10 13.9 
2000-2499 12 16.7 
2500-2999 13 18.1 
3000-3499 15 20.8 
3500-3999 4 5.6 
4000-4499 3 4.2 
> 4500 2 2.8 


Density: Estimates were obtained by haphazardly de- 
termining the position of a sampling station and then 
counting the number of Pisaster ochraceus within a quad- 
rat. Quadrat dimensions varied from 7 to 50m?. The 
average density based on 21 quadrats at Duncan Rock 
was 10/577 or 0.017/m2; none was ever found within 
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a quadrat at Duntze Rock. The densities are difficult to 
compare because these sea stars are rare, and a Fisher 
Exact Probability Test (Srecar, 1956) on those quadrats 
with and without Pisaster (6/15 at Duncan; 0/5 at 
Duntze) suggests no meaningful differences (p = 0.24). 
Another approach yields a different impression. I have 
divided the total number of Pisaster observed per dive 
at each area by diver effort. This assumes that neither 
more nor less time per diver was spent underwater at 
each location, and provides a means of correcting for 
total sampling effort. Since often fewer individuals partic- 
ipated in the second dive, such a procedure is necessary. 
The numbers of sea stars/diver/dive have then been 
ranked. For 14 data points, the highest 9 ranks all are 
for Duncan Rock, the lower 5 at Duntze. A Mann-Whitney 
U test (Stecar, 1956) rejects the null hypothesis of equal 
sea star/diver, p << 0.001, at the two stations. This sig- 
nificant difference is in agreement with the general diver 
impression and I accept it as reflecting a real biological 
difference between the two pinnacles. 


CERTAIN 
INTERSPECIFIC RELATIONSHIPS 


Pisaster — Mytilus: Table 1 shows the number and size 
of mussels being consumed by Pisaster ochraceus. There is 
no apparent maximal prey size limit enforced on the pred- 
ator; rather, Pisaster appears quite capable of consuming 
those larger mussels forming the matrix of the bed. The 
predator does not consume Mytilus smaller than 8.5cm 
in proportion to their abundance. Whether this is because 
they are generally protected within the matrix or because 
smaller prey are less appealing to a large predator is un- 
known. Other items consumed by Pisaster included one 
unmeasured mussel, 1 large Balanus nubilis Darwin, 1854 
and 1 Ceratostoma foliatum (Gmelin, 1791), a carni- 
vorous gastropod. In general, the diet appears limited to 
known preferred prey as should occur in the presence of 
abundant, large prey. 


Mytilus — Epifauna: The subtidal Mytilus provide a 
substratum for a complex epifauna, the most conspicuous 
members of which are a sponge Lissodendoryx firma 
(Lambe, 1895), Balanus nubilis, an anemone Epziactis 
prolifera Verrill, 1869, the compound tunicate Amarouci- 
um sp., and hydroids. These species collectively, but espe- 
cially the tunicate and barnacle, were suspected to influ- 
ence mussels negatively through overgrowth and eventual 
occlusion of the shell gape and siphonal areas. Many in- 
stances of partial overgrowth were observed, but recog- 
nizing and then obtaining completely overgrown and 
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therefore camouflaged specimens proved to be a challenge. 
Only 5 with the majority of the gape closed were ob- 
tained; 2 overgrown by combined B. nubilis and sponge, 
2 by a tunicate and 1 by Lissodendoryx. By chance, all 
were found on September trips. 

I have evaluated the influence of the “fouling commu- 
nity” as follows. Nine Afytilus californianus longer than 10 
cm collected 9 September 1969 were measured (shell 
length), shucked, and then dried to a constant weight. 
These points and the regression line fitted by least squares 
are given in Figure 1. In addition, I have plotted the 5 
points representing overgrown specimens. All the latter 
fall below the line, especially the 2 covered with Amarou- 


tp 


wo 


bd 
fo} 


Tissue Dry Weight (g) 
ro 


Y = 14.67 + 1.80(X —- 16.77) 
10 


10 15 20 
Shell Length (cm) 


Figure 1 


The shell length (cm) to dry body weight relationship for heavily 
(@) and lightly (CO) encrusted Afytilus californianus. The linear 
regression, determined only from the former, suggests a negative 
influence on mussel body weight of a substantial epifauna. 
Note that the units of weight and length do not begin at zero 
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cium and one with combined Balanus nubilis and sponge. 
The analysis suggests a detrimental influence. Whether 
it is reversible or not must depend on the species involved. 
The B. nubilis are not not heavily preyed upon by Pis- 
aster ochraceus (although they may be by Evasterias or 
Orthasterias), and are clearly perennials. The sponges, 
tunicates and hydroids tend to have an annual growth 
periodicity that may provide the mussels with a reprieve. 
One Mytilus was found (at —35’ [-10.5m]) to be en- 
veloped in the holdfast of Laminaria setchellii (Silva, 
1957); the latter was determined to be 5 years old on 
the basis of a growth ring analysis. 


OTHER SPECIES 


With the exception of Pisaster ochraceus, the fauna and 
flora of the pinnacles appeared quite similar. Other large 
sea stars were abundant. General agreement amongst 
divers was that the ranking by abundance would place 
Dermasterias at the top, followed by Evasterias, Orthas- 
terias, Pycnopodia, Stylasterias and finally Pisaster. Hen- 
ricia and Leptasterias were both abundant, but cannot be 
ranked because of their much smaller size. The carni- 
vorous gastropods Thais canaliculata (Duclos, 1832) and 
Ceratostoma foliatum were abundant. Almost every mus- 
sel sample was festooned with small anemones (Epiactis 
prolifera and Metridium senile (Linnaeus, 1767)) and 
the shells overgrown with coralline algae, Stylantheca 
porphyra (Fisher, 1931) or Balanophyllia elegans (Ver- 
rill, 1864). The commonest crab was Oedignathus. Fish 
were always abundant. 

A partial list of algal taxa is provided for completeness 
(courtesy of Dr. Lebednik). Browns include Laminaria 
setchellu, Pleurophycus gardneri (Setchell « Saunders, 
1901), and one specimen of L. longipes (Bory, 1826), 
probably its southern-most occurrence. Encrusting red 
algae collected were Melobesia marginata (Setchell « 
Foslie, 1902), Lithothamnium or Mesophyllum, and Ser- 
raticardia macmillani (Silva, 1957). Other reds were 
Botryoglossum farlowianum (DeToni, 1900), Callophyl- 
lis sp., Rhodymenia pretusa (J. Agardh, 1851), R. pacifi- 
ca (Kylin, 1931) and Opuntiella californica (Kylin, 1925). 
Although the list is surely incomplete, it probably is 
representative of the commoner algae. It, surprisingly, 
has no overlap with the 12 algal taxa recorded for Bowie 
seamount (53°18’ N; 135°39’ W) as recorded by ScacEL 
(1970) and only one genus in common (of 4) with the 
flora of Cobb seamount (46°44’N; 130°47’W), as de- 
scribed by BrrKELAND (1971). On the other hand, the 
algal taxa for these latter places show some similarities. 
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INTERPRETATION 


One of the interesting geomorphological aspects of the 
area is the juxtaposition of an emergent and a continu- 
ously submerged pinnacle. Comparison of the biota of 
these suggests a single difference, although closer exami- 
nation or better, basic biological knowledge of the con- 
stituent species could well suggest others. The number of 
Pisaster ochraceus varies from being low at Duncan Rock 
to almost non-existent at Duntze Rock. Although “nur- 
sery grounds” for this species have been described for 
more protected areas (MENGE & MENGE, 1974), no one 
to my knowledge has ever discovered a concentrated 
settlement of P ochraceus on more exposed shorelines 
(Feper, 1959, 1970; MANzey, 1966; Paine, 1974). 
When I have found small Pisaster on the Washington 
outer coast, it has always been in the lower intertidal zone, 
usually in crevices or on cave walls. Their observed diet 
has been almost entirely small barnacles (see also MENGE 
& MENGE, op. cit.), a resource that appears to reach peak 
abundances in the intertidal zones, and is a much less con- 
spicuous and available component at depth, where they 
are readily overgrown by sponges, benthic algae and 
tunicates. The Pisaster density differences between the two 
pinnacles may provide a further clue to the behavior at 
settlement of P ochraceus; that is, they should be expec- 
ted at Duncan Rock and not at Duntze Rock if some 
attribute of the intertidal zone is important at settlement. 
Pisaster is abundant around Spike Rock, also emergent; 
it has not been recorded from either Cobb or Bowie 
seamounts, both of which are permanently submerged. 
Unfortunately, these limited data have generated no in- 
sights into why P ochraceus settles so seldomly in exposed 
coastline habitat, and therefore cannot contribute answers 
to general questions on numerical regulation in this spe- 
cies. They do suggest, though, if the preceding conjecture 
was correct, that Pisaster is rare at Duncan Rock, despite 
the presence of a super-abundant prey resource, because 
of spatially-limited settlement opportunities. Conversely, 
the mussels may persist because their principal predator 
cannot establish its own dense population. 

Another aspect of these observations deserves comment. 
Ecologists of necessity must focus on what a species’ lim- 
iting resources are, and how they attain them or hold 
them against potential competitors. Mytilus californianus 
has been shown to be the winner in competitive encoun- 
ters for space, a limiting requisite, on exposed shoreline 
situations (Patne, 1966, 1974; Harcer, 1972). It forms 
monocultures in the intertidal zone and also, under par- 
ticular circumstances, in subtidal environments and thus 
seems capable of excluding from the area other species 
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requiring primary space. In the process, it provides a 
secondary substratum for both a species-rich fouling com- 
munity and an association characteristic of the byssal 
threads and inter-mussel spaces. 

The most restricted view of this competitive dominant 
would be that it was ecologically successful in, and best 
adjusted to, existence in the intertidal zone. Here, in the 
characteristic, often noted band, it encumbers from 20 
to 100% of the available spatial resources. Departures 
from complete domination are generated by the wave- 
driven logs and other physical stresses so well documented 
by Dayton (1971). An ecological description could state 
that mussels were occupying about 60% of the prime 
space, and therefore tended to be close to their saturation 
coverage. On the other hand, we know that the extent of 
potential coverage can be effectively doubled by predator 
removal experiments (Paine, 1966, 1974) in which the 
1.2m wide band of mussels extends its limit lower by at 
least an additional 1.2m. This suggests that Mytilus cali- 
formanus is only at 30% of its saturation coverage, and 
that it is excluded from the remaining 70% by equally 
represented physical and predatory forces. 

The existence of subtidal mussel beds demonstrates the 
capacity for competitive domination well below the limit 
that it is currently possible to achieve experimentally. 
It is conceivable that Mytilus californianus under totally 
benign (physically mild and predation-free) conditions 
could occupy the primary space between the tidal limits 
of +10’ [+3m] to - 90’ [- 27m]. That it does not do so, 
despite its demonstrated competitive abilities, indicates 
the difficulty of inferring a relationship between total 
spatial coverage and competitive ability, for in nature M. 
californianus appears capable of only occupying about 
4% of its fundamental niche when the dimension in 
question is space. 
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Two Species of Nembrotha (s.s.) New to Japan 


(Nudibranchia : Doridoidea : Polyceridae) 


BY 


KIKUTARO BABA 


Shigigaoka 35, Minami - 11 - jyo. Sango-cho, Ikoma- gun, Nara-ken, Japan 


(4 Text figures) 


THREE SPECIES OF the genera allied to Nembrotha (s. s.) 
(see Burn, 1967: 212 - 213) were previously recorded by 
me from the main land of Japan ‘Basa, 1949: 1955; and 
1960). They are (1) Roboastra gracilis (Bergh, 1877) 
(from Sagami Bay); (2) Tambja sagamiana (Baba. 1955) 
(from Sagami Bay) ; and (3) T. limaciformis (Eliot, 1908) 
(from Seto, Kii). The purpose of this paper is to report 
the occurrence in Japan proper of two species of Nem- 
brotha (s. s.) which were collected from the vicinity of 
the Seto Marine Biological Laboratory of the Kyoto Uni- 
versity by the members of (or persons associated with) the 
Aquarium attached to the Laboratory. I take this oppor- 
tunity to express my sincere thanks to those gentlemen 
whose generosity provided living material for my identi- 
fication. 


1. Nembrotha lineolata Bergh, 1905 


(Japanese name: Kurosuji-ryugu-umiushi) 


(Figures 1, 2) 


Synonymy: 
Nembrotha lineolata Bergh, 1905: 199-200; plt. 2, fig. 10; 
pit. 18, figs. 15-18. — Saleyer. Eanes, 1938: 95-98; 
plt. 1, fig. 6; text figs. 13 - 16. — Indian Ocean near Ku- 
ria Muria Islands 

Nembrotha lineolata var. Bergh, 1905: 200; plt. 2, fig. 11 — 
Flores 


(adjacent column =) 


Figure 1 


Nembrotha lineolata Bergh, 1905 
from Seto, Kii, Japan 


Living animal, collected on June 13, 1962; length 50mm 
a — purple border b — yellow border c — genital orifices 
d — vermilion twigs e — purple rachis f — yellow base 
g — stripe on the mantle margin h — stripe on the median line 
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Distribution: Indian Ocean and Indonesia (the type 


localitv). 


Material Examined: In all, 2 specimens collected from 
Seto, Kii, middle Japan, on June 13 and December 29, 
1962. 


Description: The animals measured 30 to 50mm in 
length. Externally they are especially characterized by the 
possession of long longitudinal stripes of chestnut brown 
which are sometimes interrupted in their length but not as 
frequently as shown in the type of the species. The distri- 
bution of these stripes is approximately as follows: one 
stripe on the median line of the back between the rhino- 
phores and the branchiae: 3 stripes on either side of the 
median one; one stripe round the margin of the mantle; 
and about 7 stripes on each side of the body. Seemingly 
many of these stripes converge to the tip of the tail. 


b 


Figure 2 


Nembrotha lineolata Bergh, 1905 
from Seto, Kii, Japan 
The mouth parts of the animal collected on December 29, 1962 
A: Labial disc X 15 B: Right half row of the radula X 100 
a — central tooth b —- 1% lateral tooth c — outer lateral teeth 


The ground color of the body above is yellowish white. 
The clavus of the rhinophore is vermilion. The margin 
of the rhinophoral opening is purple followed by a yellow 
band. The branchial plumes are bipinnate and 3 in num- 
ber. Each plume is vermilion above, purple below and 
yellow at the base of the rachis. The oral tentacles are also 
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tinted with purple. The foot is margined above with a 
double border of purple and yellow. The sole is colorless. 

The cuticular labial disc is without marked armatures. 
The radular formula is about 27 x5-6:1-:1-1-5-6. The 
central tooth is quadrate with 4 denticles on the free edge. 
As was pointed out by Eates (1938) on her specimen of 
Nembrotha lineolata, the 2"4 denticle on one side (the right 
side) is always bifid at the tip. The 1* lateral tooth has a 
simple cusp. The outer lateral teeth are scale-like as usual. 
All the teeth of the radula assume a faint tinge of yellow. 
The genitalia were not dissected. 


Remarks: My specimens were tentatively placed within 
the range of possible color variability of Nembrotha lineo- 
lata Bergh, the type of which, however, was shown to have 
a large number of short longitudinal stripes on the upper 
surface of the body. As regards the features of the radular 
teeth, my specimens agree with N. lineolata of Eales, espe- 
cially in the bifid figure of one of the denticles of the 
central tooth. 


2. Nembrotha purpureolineata O’Donoghue, 1924 


(Japanese name: Seto-ryugu-umiushi) 
(Figures 3, 4) 


Synonymy: 
Nembrotha purpureolineata O’Donoghue, 1924: 568 - 569; pit. 
ri figs. 16-17; plt. 30, figs. 60 - 61. — Abrolhos Islands 
Western Australia) 


Distribution: Western Australia (the type locality). 


Material Examined: In all, 2 specimens collected from 
Seto, Kii, middle Japan on March 28, 1964 and May 5, 
1970. 


Description: The length of the animals was 40 to 55mm. 
The longitudinal stripes in this species are rather strong, 
and fewer in number than in the preceding species. They 
are arranged in the following pattern: one stripe on the 
mid-dorsal line between the rhinophores and the branchi- 
ae; 1 stripe round the margin of the mantle; and 3 stripes 
on each side of the body. All these stripes are chestnut 
brown in color. The ground color of the back is deep 
chrome yellow, and that of the sides is pale yellow. A large 
patch of orange yellow is present in the middle of the 
back. A similar one occurs also in the midlength of the 
tail. The integument between the aforementioned stripes 
yields serial lines of corrugations. The clavus of the rhino- 
phore is vermilion. The bipinnate plumes of the branchiae, 
which are 3 in number, are also vermilion-tinted. The 
rhinophoral sheath, the rachis below the branchia, the 
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e€ 
Figure 3 
Nembrotha purpureolineata O'Donoghue, 1924 
from Seto, Kii, Japan 
Living animal, collected on March 28, 1964; length 55mm 
A: Dorsal view of the animal B: Lateral view of the same animal 
a — stripe on the median line b — stripe on the mantle margin 
c — genital orifices d — nephroproct e — anus 
f - orange yellow patch g - chrome yellow background 


h —- corrugations of the integument i — blue border 


= 
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Figure 4 


Nembrotha purpureolineata O'Donoghue, 1924 
from Seto, Kii, Japan 


The mouth parts of the same animal 
A: Labialdisc X15  B: Right half row of the radula 
C-D: Different figures of the central teeth X 150 


x 100 


anal papilla, the oral tentacle and the foot margin are 
blue to purple according to specimens. The sole is colorless. 

The cuticular labial disc is not armed. The radular 
formula is 284-8: 1-1-1-4-8. The central tooth bears 
4 denticles of which the 2"? one on one side is bifid as 
stated in the type of the species and in the preceding spe- 
cies. The 1* lateral tooth is unicuspidate. The outer lateral 
teeth are scale-like. 


Remarks: My specimens seem to be referable to Nem- 
brotha purpureolineata O'Donoghue in the disposition of 
the dorsal and lateral stripes (in the type of the species, 
however, there exists a single stripe on each side of the 
body) and in the bifid character of one of the denticles 
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possessed by the central tooth. From these and other 
statements given elsewhere it may be noticed that the 2 
species, N. purpureolineata and N. lineolata, are taxo- 
nomically very similar, if not conspecific. Nembrotha pur- 
pureolineata appears also to be similar to N. hubbsi of 
Lance, 1968 from the Gulf of California in the disposition 
of the stripes on the back and sides, but the former is 
distinct from the latter by the different type of radular 


teeth. 


SUMMARY 


1. Two species of Nembrotha (s. s.) were newly added 
to the nudibranch fauna of Seto, Kii, Pacific coast of 
middle Japan. They are N. lineolata Bergh, 1905 
and N. purpureolineata O'Donoghue, 1924. 

2. The present paper has extended the range of distribu- 
tion of these two species from the Indo-west-Pacific 
waters northward to the main land of Japan. 
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Correlation of Benthic Mollusca with Substrate Composition 


in Lower Galveston Bay, Texas 


BY 


HAROLD W. HARRY! 


Texas A & M University, College Station, Texas 


77843 


(5 Text figures) 


THE QUESTION of what role sediment composition plays 
in the distribution of benthic mollusks is a complex one, 
for which no brief answer may suffice. Among the increas- 
ing number of reports on this subject, its complexity may 
be demonstrated by comparing several which deal with 
diverse areas, such as PackarpD (1918, 1918a) on San 
Francisco Bay, JoHNSON (1965) and Maurer (1969) on 
Tomales Bay, California, Rick « KornicKER (1965) on 
the Campeche Bank and E1sma (1966) on the Nether- 
lands coast. Purpy (1964) has evaluated many other 
papers dealing with marine sediments as substrates. 

The present paper is about benthic mollusks of a limited 
area wherein other environmental factors may be more 
uniform than the diversity of the substrate. The value of 
dead shells in determining the distribution of benthic 
mollusks is also considered. The area studied is one which 
is experiencing rapid change through human impact, so 
that the present data may be useful in detecting future 
biotic modifications there. 


THE GENERAL ENVIRONMENT 


The Galveston Bay complex is a shallow body of brackish 
water of irregular outline. It extends about 50km inland, 
and is divided into 5 parts. An inland eastern part, Trinity 
Bay, and a western one, Upper Galveston Bay, open 
southward into Lower Galveston Bay, which has 2 ex- 
tensions as lagoons along the coast, East Bay behind Boli- 
var Peninsula and West Bay behind Galveston Island 
(Figure 1). These bays are less than 2m deep over most 
of their area. The natural substrate is of fine sand and 
smaller particles, with occasional reefs of oyster shell. The 
Trinity and San Jacinto are major rivers entering the 
upper bays, and numerous smaller streams drain a more 


' Mailing address: 4612 Evergreen Street, Bellaire, Texas 77401 


limited area around the whole bay complex. The bays are 
connected to the Gulf of Mexico through Bolivar Pass 
at the east end of Galveston Island, and San Luis Pass at 
the western end; a small, artificial cut at the base of Boli- 
var Peninsula allows an interchange of water between 
East Bay and the Gulf. 

The climate is temperate, with air temperatures of 25° 
to 30°C in summer and 10° to 20°C in winter. Air tem- 
perature of 0° C, usually lasting only a few hours, occurs 
nearly every winter. Cold fronts, called “northers’, move 
in from the north at irregular intervals of 1 to 3 weeks. 
Their effect is most noticeable in the winter, when periods 
of sunny, warm days are suddenly terminated by an ab- 
rupt drop in temperature, often within an hour, and 
usually accompanied by rain and strong north winds. 
There follow a few days of clear skies, with temperature 
and cloudiness increasing as the next front approaches. 
Owing to the shallow depth, the water temperature 
throughout the bay complex responds quickly to that of 
the air. 

A continually high turbidity is present in most of the 
bay complex, caused by the river-borne sediments and 
abundant phytoplankton. Objects below 0.3m depth are 
scarcely visible. Macroscopic aquatic plants are rare in 
most of the region, except for a few permanent patches of 
sea grass and a few species of seasonal algae, mostly in 
West Bay. 

There is a marked salinity zonation throughout the bays, 
difficult to characterize because of its frequent and irreg- 
ular fluctuations (PULLEN & TRENT, 1969). At the upper 
ends of Upper Galveston Bay and Trinity Bay the salinity 
is about 5%, most of the time. Lower Galveston Bay, and 
the Gulf of Mexico near shore, seldom exceed 30%, and 
20%. is more characteristic. The salinity of West Bay is 
generally high, while that of East Bay corresponds to that 
of Upper Galveston and Trinity Bays. The molluscan 
faunas of East and West Bays reflect their anomalous salin- 
ity patterns (unpublished data). 
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Figure 1 
Map of the Galveston Bay Complex, Texas. The rectangular inset includes the part called Lower Galveston Bay, and indicates the 


2 transects (see Figure 2). D is the sandy area of an ancient beach crossed by the transects, and the areas A, B and C, margined 
by dashed lines above East Bay, are thought also to represent ancient beaches 


Major oyster reefs separate several of these bays. Lower 
Galveston Bay is separated from East Bay by Hanna’s Reef 
(Figure 2), and from the upper bays by Redfish Reef 
(not shown on the map). Oyster reefs between Lower 
Galveston Bay and West Bay, just west of the causeway 
from the mainland to Galveston Island, are less symmet- 
rically arranged and have not been named. REHKAMPER 
(1969: 28) has published a map of the oyster reefs of 
most of the bay complex. 

The tides of this region have a mean range of 0.3m. The 
lower part of the intertidal zone around all of the bays 
consists of mudflats at its maximum exposure. But the 
winds of the more severe “northers” are often strong 


enough to push the water mass offshore, so that consider- 
ably more than the normal amount of the intertidal zone 
is exposed at low tide. Around Lower Galveston Bay and 
East and West Bays, the upper intertidal zone is occupied 
by the lower zone of the salt marsh, with the cord grass, 
Spartina alterniflora, extending bayward along the water 
line. The marsh zone of Upper Galveston and Trinity 
Bays is considerably reduced by the presence of the cliff 
of a low Pleistocene terrace, and, where the marsh is pres- 
ent, it is transitional to a freshwater marsh. Windrows 
forming shell ridges about 1m high, and several to many 
meters long, accumulate along the bay shore, where there 
are strong enough winds across a sufficient fetch of water. 
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Figure 2 


The position of the transects in Lower Galveston Bay, showing the 
station numbers 


The shell mounds are chiefly of Rangia cuneata Gray, 
1831 in Upper Galveston, Trinity and East Bays, but of 
oyster shell in Lower Galveston and West Bays. The gulf- 
ward shore of Bolivar Peninsula and Galveston Island has 
a broad beach of fine, siliceous sand, bounded by sand 
dunes about 1 -3m high shoreward, and a surf zone of 
several hundred meters width gulfward. 

The human impact on the Galveston Bay complex has 
already been intense, diversified and largely detrimental 
from the environmental standpoint (Carter, 1970). Most 
notable with respect to the present study are several arti- 
ficial shipping channels, which are periodically redredged. 
The Houston Ship Channel, which is 12.8m deep, passes 
across Lower and Upper Galveston Bays, with branches to 


the City of Galveston and Texas City. The intracoastal 
canal is 4m deep, and passes across Lower Galveston Bay. 
Sediments dredged from these channels are often piled 
near them, forming “spoil” islands which may consider- 
ably modify the natural movement of the water in the 
bays. Pelican Island (Figure 2) is almost entirely of 
dredged spoil. 

Dredging of shell from old oyster reefs, which do not 
produce live oysters in commercial quantities, is an indus- 
trial exploitation which has caused much political contro- 
versy (EckHarDT, 1968). The shell is washed free of mud 
when it is dredged, and the mud is flushed back into the 
bay, further increasing the turbidity load and redistribu- 
ting sediments. The discarded mud may settle as a smoth- 
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ering blanket on living oyster reefs, decreasing their po- 
tential as a valuable fishery, but increasing the material 
available for the shell-dredging industry. 

Long jetties have been built of granite boulders weigh- 
ing several tons. The Texas City Jetty projects into Lower 
Galveston Bay for several kilometers and, with Pelican 
Island, may effectively reduce the interchange of water 
between Lower Galveston Bay and West Bay. Similar 
jetties extend across the surf zone at Bolivar Pass, and 
several shorter ones project gulfward along the eastern 
fourth of Galveston Island. Granite and limestone blocks 
have been used to reinforce the shore of parts of Pelican 
and Galveston Island, and on the mainland near Texas 
City. 

More extensive accounts of the general features of this 
area will be found in SHEparp e¢ al. (1960), van SICLEN 
(1961), LANKForD & Rocers (1969), and Fisner ef al. 
(1972). 


MATERIALS ann METHODS 


Samples were collected in Lower Galveston Bay on 8 
February 1968, along the 2 transects shown in Figures 1 
and 2. The east-west transect contained stations numbered 
1 to 9 west of the Houston Ship Channel, and stations 
numbered 31 to 41 east of the channel. The western part of 
this transect was 4 189m long, with the stations averaging 
524m apart. The eastern part was 10968m long, with 
stations about 1097m apart. A north-south transect be- 
tween the Texas City Jetty and the Houston Ship Channel 
was 5179m long, with stations numbered 10 to 30 
spaced about 259m apart. 

All samples were taken with a small orange-peel grab 
sampler, which circumscribed a circle of 22.5cm diameter 
when open and potentially held about 6/ of material when 
closed. Orange-peel samplers sink deeper into soft sedi- 
ments than into firm ones and cannot be used for exact 
quantitative samples (SuMNER et al., 1914; Hopxins, 
1964), 

Half a liter of each sample was saved for analysis of the 
particle size composition of the sediment. The rest was 
prepared for faunal analysis by washing it through a screen 
of 1mm mesh opening; the concentrate remaining on the 
screen was placed with appropriate labels in plastic bags. 
At the end of the day the faunal samples were placed in a 
refrigerator at 4° C. During the next 10 days each sample 
was examined by placing it in a shallow, white enamel 
pan (or Petri dish in the case of smaller samples), cover- 
ing the sample with fresh sea water and picking out 
representatives of each species. Living specimens all re- 
vived and showed activity, even after 10 days of refrigera- 
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tion. No faunal samples were saved at stations 2, 28 and 40. 

Sediment samples were quantitatively analyzed for par- 
ticle size by separating each into 13 fractions; sediment 
sieves were used to separate the classes of particle size 
larger than 0.062mm. A method involving rate of precip- 
itation of finer particles when resuspended in a 0.18% 
solution of sodium hexametaphosphate was used to divide 
the fraction of smaller particles into 7 classes (KRUMBEIN 
& PettijoHN, 1938). For present purposes, the 13 size 
classes were recombined into 4 as follows (WENTWORTH, 

IS) 8 


Particle size (mm) Name 
> 2.00 gravel 
0.062 - 2.00 sand 
0.004 - 0.062 silt 
< 0.004 clay 


’ Interpretations of the natural habitats of the mollusks 
collected are based on several years of study of the mol- 
lusks of this area. I am grateful and obliged to Cornelius 
R. Mock for making it possible to collect the samples, and 
for his analyses of the particle size composition of the 
sediments. 


RESULTS 


Station depths varied between 2.1 and 2.4m along most of 
the east-west transect, and 2.4 and 3.0m along the north- 
south one. Two stations were on oyster reefs (Nos. 10 and 
41), at which the depth was only 1m. Stations 8 and 9 at 
the extreme western end of the east-west transect had 
depths of 1.2 and 1m respectively. The depths are those of 
“mean low water” as recorded on the U. S. Coast and Geo- 
detic Survey Map of Galveston Bay, No. 1282 (second 
edition, 1967, converted from feet). No correlation of 
species and depth was detected along the transects. All of 
the stations were subtidal, even at the extremes of mud- 
flat exposure produced by the more severe “northers”. 
The extensive hydrographic data of the Galveston Bay 
complex reported by PULLEN & TRENT (1969) contain sur- 
face and bottom temperatures and salinities at weekly to 
monthly intervals, extending over several years at selected 
stations, Their station 24 was slightly west of the midpoint 
of the north-south transect of the present study, at a place 
where the water is 8 feet (2.4m) deep at mean low tide. 
At that station, surface and bottom temperatures were 
usually within 1°C of each other. From January 1963 
through November 1967 the bottom temperature ranged 
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from 8° to 10° C in January and March; the highest tem- 
peratures, 29° to 32°C, occurred in July and August. 

At the same station the difference in salinity between 
top and bottom was usually less than 1%,. Most of the 
time the salinity was between 20 and 30%, but it varied 
from 5 to 35%,. Often the salinity varied irregularly by 
10%, or more within a few days, and at all seasons of the 
year. But the lower values tended to be in May or June 
and the higher ones in August and September. The salin- 
ity fluctuates inversely as the rainfall in the watershed of 
the bay complex. 

The variety of sediment types along the transects rep- 
resented most of those which occur in this bay complex 
(REHKEMPER, 1969). In Figures 3 and 4, the four size 
components are graphed for each station as percent by 
weight. At most stations the amounts of silt and clay were 
about equal, but slightly more clay than silt was present 
at stations 36 to 40, at the eastern end of the east-west 
transect. Particles of gravel size were entirely of mollusk 
shells, and this particle size will be called “shell” hereafter. 


Units 


Per cent 


Most of the finer fractions were non-calcareous sediments, 
but the amount of calcareous material in them was not 
determined exactly. 

Oyster shell was the chief component of the shell frac- 
tion at the 2 oyster reefs (Nos. 10 and 41), whereas the 
sediments at stations immediately adjacent to them were 
more than 50% silt plus clay (Nos. 3-7 and 34-40 on 
the east-west transect, and 11-13 on the north-south 
one). The method of graphing the data is misleading in 
showing a high percent of sand interpolated for the inter- 
station areas immediately adjacent to the 2 oyster reefs. 
That subtidal oyster reefs develop chiefly in areas of sedi- 
ments finer than sand is generally evident in the Galveston 
Bay complex, and this has been documented for other 
Texas bays by Norris (1953). In the intertidal zone 
oyster clumps and reefs may develop where more sand is 
present, particularly along the lagoon shores of the barrier 
islands. 

At stations other than 10 and 41, oyster shell was sparse, 
and the shell fraction was composed mostly of other mol- 


ReGen oe Osa a dy (Sra ae al 3 32S Sime Sage 35 SOMES 7 SO 30, m4 Ou At 
Station Numbers 
Figure 3 


The east-west (upper) transect of Figure 2. The black bars in the histogram represent the number of species of mollusks, alive and 
dead. The white bars represent the number of live individuals of one or more species. Mollusks were not analyzed at stations 2 and 
40. Station 41 was an oyster reef 


Page 140 


Units 


Per cent 


Station 


THE VELIGER 


Vol. 19; No. 2 


Numbers 


Figure 4 


The north-south (lower) transect of Figure 2. Mollusks were not analyzed at station 28. Station 10 was an oyster reef. Histograms 
explained under Figure 3. 


lusks. A shell fraction of less than 1% was present at 18 
stations, but that fraction is only shown in Figures 3 and 4 
where it was larger than that amount. Away from the 
oyster reefs, the shell fraction was larger where sand 
formed more than 50% of the sample. The very large 
shell fractions at stations 2, 22 and 28 may indicate pat- 
ches of sheil of small areas, the sizes of which are exagger- 
ated by the method of graphing. In most sandy areas, the 
shell fraction was less than 10%. 

Apart from the exceptions just noted, the substrate com- 
position varied gradually from one station to the next 
along the transects. Owing to the method of graphing, the 
amount of silt plus clay, hereafter collectively called mud, 
varied inversely with the amount of sand and shell. 


The major sandy areas are those included in stations 14 
to 30 on the north-south transect, and stations 1, 2 and 
31 to 33 on the east-west transect (Figure 4). If a line be 
drawn connecting stations 2 and 14, and another connect- 
ing 30 and 33 (dashed lines, Figure 1), an elongate figure 
is formed which suggests an ancient beach. The 1:24000 
maps of the U. S. Geological Survey (1961, Lake Stephen- 
son, Frozen Point, and High Island, Texas quadrangles) 
show low ridges radiating from the north shore of East 
Bay, and approximately parallel to the axis of Bolivar 
Peninsula (Figure 1, lines A, B, and C). These may also 
be ancient beaches. REHKEMPER (1969) noted that sand 
beaches were developed in this area about 7000 years ago: 
“they have been encountered in several borings and are 
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Table 1 


Average, maximum and minimum (in parentheses) 
of species and live specimens of molluscs per station, 
correlated with the per cent of sand-shell in the substrate. 
The two oyster reef stations (Nos. 10 and 41) are not 


included. 

eee EE 
Per cent Average Average 
sand-shell Number number number of 

in of of species live specimens 
substrate stations (and range) (and range) 

a ee ee 
0-25 9 4.0 (2-9) 1.0 (0-4) 
26-50 10 8.5 (1-18) 1.9 (0-7) 
51-75 4 17.3. (9-27) 3.0 (0-7) 
76-100 13 94.2 (18-34) 1.3 (0-4) 


reflected in the seismic records as a low-relief system 
of ridges and troughs.” That his data indicated only 
buried beaches, not exposed at the substrate surface, I 
think is due to the few borings he took in the area, and the 
shortness and position of the seismic profile which he 
published (J. c., p. 36). 


THE MOLLUSKS 


Sixty-nine species of mollusks were found, including 42 
bivalves, 26 gastropods and 1 scaphopod. Only 22 species 
were taken alive. The largest number of species, 34, was 
found at station 26, which yielded no live specimens. Only 
1 species was found at station 11, represented by one live 
specimen. Station 26 had sand-shell forming 83% of the 
substrate, whereas station 11 was 75% mud. In Figures 3 
and 4, the number of species, represented by material 
ranging from recognizable fragments to living specimens, 
is indicated by the dark bar above each station. The num- 
ber of living specimens of all species is shown by the 
blank bar. The stations are arranged in locality sequence 
in the 2 figures. In Figure 5 the species are listed systema- 
tically and the stations are arranged from left to right 
according to the increase in percent of sand-shell in the 
substrate; the 2 oyster reef stations are listed at the far 
right. 


THE OYSTER REEFS 


The mollusks found on the oyster reefs constitute a distinct 
assemblage which contrasts strikingly with the assemblages 
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of the other stations. But the 17 species found on the reefs 
did not represent the total mollusk fauna of this type of 
habitat in these bays. Six species were found only on the 
oyster reefs, and 4 others there were found only at single 
stations away from the reefs. Shells of Crassostrea virginica 
(Gmelin 1791) formed the bulk of shell material at 
both reefs, but no live oysters were found. This may have 
been due to the small size of the samples. Although Ostrea 
equestris Say, 1832 was not found at either reef, it probab- 
ly occurs there, as does Ischadium recurvus Rafinesque, 
1820, which is chiefly an oyster reef inhabitant in these 
bays. The total number of species found at these 2 stations 
was small, 11 and 9 respectively, when compared to 
other stations. The number of live individuals was rela- 
tively large, 19 and 20 respectively, but most of them were 
the small pholad Diplothyra smithu Tryon, 1862. It has 
been found in the shells of large Thais haemastoma Lin- 
naeus, 1758, in calcareous nodules (“caliche,” in Brazos 
River deltaic clays) in West Bay, and even in limestone 
boulders along the jetties on the beach. Trachycardium 
muricatum (Linnaeus, 1758), Cyclinella tenuis (Récluz, 
1852), Seidla adams: (H. C. Lea, 1845), Lyonsia cf. L. 
floridana Conrad, 1849 and Amygdalum arborescens 
Dillwyn, 1817 seem to be more common on oyster 
reefs than elsewhere in this area. Odostomia impressa 
(Say, 1822) is semi-parasitic on oysters; it is significant 
that this species was not found elsewhere along the tran- 
sects, but 2 other species of Odostomia were present away 
from the reefs. 

Single live specimens of Crepidula plana Say, 1822 and 
C. fornicata Linnaeus, 1758 were found on the reefs. 
These species are uncommon on oysters in this area; C. 
plana is chiefly an inhabitant of the inside of the shell 
aperture of large shells (Thais, Polinices, Busycon) carried 
by hermit crabs within the bays and in the Gulf. Crepidula 
fornicata lives chiefly on the outside of such shells in the 
Gulf; in the bays it is infrequent. 


STATIONS AWAY From THE OYSTER REEFS 


The diversity of mollusks at the stations other than those 
of the oyster reefs seems to be at least partly correlated 
with the particle size composition of the substrate. For 
convenience, the variation in particle size is grouped into 
quartiles, shown by the vertical lines in Figure 5. The 
number of species of mollusks was low where mud pre- 
dominated, and high where sand-shell formed the most 
abundant component. In most samples, the number of 
species of mollusks was less than 10 where shell-sand was 
less than half of the total substrate, and more than 10 
where sand-shell was present in larger amounts. There are 
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Figure 5 


Station Number > | 39 9 8 6 37 8638 8 36 35 12] 11 34 31 4 U8) 7 32 
Species % Sand Shell > 6 11 13 16 17 17 17 18 #23 «625 | 26 28 37 39 39 42 43 47 47 


BIVALVIA 
1 Nuculana concentrica F R F 1 
2 Noetia ponderosa Rj 

3 Lunarca ovalis Fy R R 
4 Anadara transversa F lj F 

5 Anadara brasiliana 
6 
a 
8 
9 


Ischadium recurvus 
Amygdalum aborescens 
Crassostrea virginica Fc Fc Fc Fc Fc 
Ostrea equestris F F Re F 
10 Anomia simplex 


11 Aligena texasiana Rc F R R 
12 Mysella planulata 1 1 F 

13 Lepton? sp. 
14 Crassinella lunulata F 
15 Lucina amiantus 


16 Diplodonta sp. 
17 Tellina alternata ; 
18 Tellina versicolor F 1 
19 Tellina texana 

20 Macoma mitchelli 


21 Macoma tenta R R R 

22 Macoma constricta R 

23 Donax variabilis R R 
24 Semele proficua 
25 Abra aequalis F F M 


26 Cumingia tellinoides 
27 Tagelus divisus 1 
28 Ensis minor 
29 Dinocardium robustum Rc 
30 Trachycardium muricatum 


31 Dostnia discus 

32 Cyclinella tenuis 

33 Chione cancellata 

34 Mercenaria mercenaria Fj jj 
35 Petricola pholadiformis 


36 Mulinia lateralis F F F F F F R F F F 
37 Corbula caribaea F 
38 Diplothyra smith 
39 Cyrtopleura costata 
40 Pandora trilineata 


41 Lyonsia cf. floridana 
42 Periploma orbicularis 1 1 
SCAPHOPODA 

43 Dentalium texasianum 
GASTROPODA 

44 Acteocina canaliculata R 
45 Odostomia acutidens 


46 Odostomia impressa 
47 Odostomia teres 

48 Turbonilla aequalis 
49 Turbonilla interrupta 1 R R 
50 Pyramidella crenulata 
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Figure 5 


Station Number > 


% Sand Shell > 


33 
53 


19 


BIVALVIA 
1 Nuculana concentrica 
2 Noetia ponderosa 
3 Lunarca ovalis 
4 Anadara transversa 
5 Anadara brasthana 


6 Ischadium recurvus 

7 Amygdalum aborescens 
8 Crassostrea virginica 

9 Ostrea equestris 

10 Anomia simplex 


11 Aligena texastana 
12 Mysella planulata 
13 Lepton? sp. 

14 Crassinella lunulata 
15 Lucina amiantus 


16 Diplodonta sp. 
17 Tellina alternata 
18 Tellina versicolor 
19 Tellina texana 

20 Macoma mitchelli 


21 Macoma tenta 

22 Macoma constricta 
23 Donax variabtlis 
24 Semele proficua 
25 Abra aequalis 


26 Cumingia tellinoides 

27 Tagelus divisus 

28 Ensis minor 

29 Dinocardium robustum 

30 Trachycardium muricatum 


31 Dosinia discus 

32 Cyclinella tenuis 

33 Chione cancellata 

34 Mercenaria mercenaria 
35 Petricola pholadiformis 


36 Mulinia lateralis 
37 Corbula caribaea 
38 Diplothyra smithit 
39 Cyrtopleura costata 
40 Pandora trilineata 
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41 Lyonsia cf. floridana 
42 Periploma orbicularis 
SCAPHOPODA 

43 Dentalium texasianum 
GASTROPODA 

44 Acteocina canaliculata 
45 Odostomia acutidens 


7 Odostomia teres 

48 Turbonilla aequalis 
49 Turbonilla interrupta 
50 Pyramidella crenulata 
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: meena 
Station Number > 


Species % Sand Shell > 
Cyclostremiscus pentagonus 
52 Litiopa melanostoma 

53 Seila adamsi 

Epitonium angulatum | 
Epitonium rupicolum 


56 Crepidula plana 
57 Crepidula fornicata 
58 Polinices duplicata Rj 
59 Natica pusilla 
60 Thats hemostoma 


61 Anachis obesa 
62 Anachis cf. avara 
63 Mitrella lunata 
64 Nassarius acutus R F 
65 Busycon perversum 


66 Cantharus cancellaria | 
67 Olivella mutica 
68 Mangilia sp. 

69 Succinea luteola 


only 3 exceptions to this generalisation, at stations 1, 14 
and 31, among the remaining 36 stations at which both 
fauna and substrate analyses were made. Those 3 stations 
were in transition zones between the areas of sand-shell 
and mud. 

The number of species was directly proportional to the 
amount of sand-shell present as indicated by Table 1. 
Live mollusks, of one to several species, were found at 
only 21 or 60% of the 36 stations. They seemed to be more 
frequent where sand-shell and mud were present in sub- 
equal amounts, and less frequent at stations having ex- 
tremes (over 75%) of either of these 2 components 
(Table 1, Figures 3 and 4). 

A few species were so rare in this and other explora- 
tions of the area that little can be deduced about their 
characteristic occurrence. Two other small groups do not 
represent established, reproducing populations along the 
transects: one group is of fossil shells, and the other con- 
sists of adventitious specimens from adjacent habitats. The 
vast majority of the species found are established in the 
area, and of these we may seek to determine those which 
are limited to or prefer the extremes of substrate type, 
and those which inhabit a broad substrate diversity. 

The species of which little is known regarding their 
general occurrence are: 


Figure 5 [continued] 


Figure 5 


The mollusks found along the transects shown in Figure 2, listed in 
systematic sequence. The per cent of sand-shells is in the 2™4 
row from the top, in increasing sequence from left to right. The 
vertical lines separate the sediments into quartile classes on the 
basis of per cent sand-shell. Capital letters refer to dead shells: 
F: few; M: many; R: one; small letters refer to condition: c: 
fragments only; j: juvenile; numerals indicate the number of 
living specimens 


Lepton ? sp. 

Lucina amiantus (Dall, 1901) 
Diplodonta sp. 

Odostomia acutidens Dall, 1884 
Odostomia teres Bush, 1885 
Mitrella lunata (Say, 1826) 
Mangelia sp. 

Found at 1 to 3 stations in limited numbers, these spe- 
cies were about as infrequent in other surveys which I have 
done in the bays (see also Harper, 1970 and PETERSON, 
1972). None were found alive during this study; most 
were found only in substrates of more than 50% sand-shell, 
but Mitrella was found at one station of only 25% sand 
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Station Number> 33 14 21 15 | 26 16 25 17 18 23 27 24 29 22 19 20 30 | 10 | 41 

%SandShell> 53 60 74 74 |83 86 87 88 89 90 94 98 99 100 100 100 100 
51 Cyclostremiscus pentagonus R R R R | 
52 Litiopa melanostoma R R 
53 Setla adamsii R Re 
54 Epitonium angulatum R R 

Re Re 1 /|R_ Re 1 Fc 


55 Epitonium rupicolum 


56 Crepidula plana F F 
57 Crepidula fornicata 

58 Polinices duplicata lj 
59 Natica pusilla F 1 
60 Thats hemostoma 


61 Anachis obesa F 
62 Anachis cf. avara 
63 Mitrella lunata 

64 Nassarius acutus 

65 Busycon perversum 
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66 Cantharus cancellaria R 
67 Olivella mutica 
68 Mangilia sp. 

69 Succinea luteola 
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(carried there by hermit crabs?). Lucina amiantus has 
been found infrequently in Lower Galveston Bay; Mitrella 
is abundant in the western part of West Bay; Mangelia 
has been found on oyster reefs of West Bay, where its 
shells are sometimes so eroded, even while the animal is 
alive, that sculptural features are obliterated. 

Six species are represented by fossil specimens, mostly of 
species which do not live as regularly established popula- 
tions along these transects: 

Anomia simplex d’Orbigny, 1842 

Chione cancellata (Linnaeus, 1767) 

Donax variabilis Say, 1822 

Noetia ponderosa (Say, 1822) — 

Anadara brasiliana (Lamarck, 1819) 

Lunarca ovalis (Bruguiére, 1797) 
Most of the presumed fossil shells of the above list were 
opaque, grey, somewhat chalky, and eroded in a peculiar 
way which suggested the deterioration of the organic ma- 
trix in them. Anomia was an exception: fresh shells are 
white and only slightly opaque, but weathered shells be- 
come light tan or jet black, yet retain their translucency. 
Anomia valves are common on the beach, and the species 
has been found alive on oysters in West Bay, as well as on 
various other shells at several meters depth offshore. Live 
specimens are rare in this area. Its abundance as shell is 


out of all proportion to the live population which seems 
to occur here. 

Only a single valve of Chione was found. I have never 
found it alive, or even as empty shells in dredged samples 
in the Galveston Bay area, before the present survey. Emp- 
ty shells, all worn, are common on the beach at the west- 
ern end of Galveston Island, and they become progressive- 
ly abundant on the beaches farther south; at Port Isabel 
they sometimes pave the mainland shore of Laguna 
Madre. All specimens in the Galveston area are probably 
fossil, representing a time when the climate was warmer 
here. That occasional adventitious specimens may occur 
alive cannot be discounted. 

Most species of the above group are characteristic of 
the nearshore fauna along the beach, where their shells 
are often washed in abundantly. That they were limited 
(except Lunarca) to the sandy stations on the 2 
transects is further evidence that these stations may rep- 
resent an ancient beach which was washed by the surf of 
the open Gulf in prehistoric time. 

Donax variabilis lives at the shoreward edge of the surf 
zone on the sandy beach. It is occasionally found alive in 
the bays as small, adventitious juveniles. On the beaches 
it does not seem to live seaward of the surf zone, yet oc- 
casional bottom samples from well offshore have specimens 
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of large size which are probably fossil, indicating ancient 
beaches. I have examined Donax shells from 42m [18 
fathoms] offshore from Galveston. 

Noetia and Anadara brasiliana are characteristic species 
of the outer surf zone along the beach. I have not found 
large, live specimens of them in the bays. The abundance 
of Lunarca ovalis shells of medium to large size was 
again disproportionate to the frequency with which live 
specimens, some large, are found in the bays. It is an- 
other characteristic species of the outer surf zone and 
beyond in the Gulf to depths of several meters. 

Adventitious species may be subdivided into 2 groups 
according to the methods whereby they arrived at their 
unusual situation: (1) species adventitious by active vagil- 
ity are those which came in by their own locomotor abili- 
ties, either as larvae or adults; (2) species adventitious 
by passive vagility are those which arrived by some other 
agency than their own ability to move about. Both groups 
seem to be well represented along the transects. Those 
adventitious here by active vagility are: 

Anadara brasiliana (Lamarck, 1819) 
Noetia ponderosa (Say, 1822) 
Dosinia discus (Reeve, 1850) 

Tellina alternata Say, 1822 
Macoma mitchelli Dall, 1895 

Tellina texana Dall, 1900 

The first 4 species are characteristic of the outer surf 
zone, and they extend to varying depths gulfward. Except 
for one large, fresh shell with attached valves of Tellina 
alternata (at station 26), the adventitious specimens of 
these 4 species were only represented by small specimens, 
alive or as fresh but empty shells. They were only found 
at stations of high sand-shell content in those parts of the 
transects which may represent an ancient beach. Probably 
their veligers were carried by flooding tides into the bay; 
those which settled on sandy substrate were able to sur- 
vive and grow, rarely even to adult size, but conditions 
were not suitable for maintaining a permanent population. 

The adventitious juveniles of Noetza and Anadara bra- 
siliana at stations where there were also presumed fossils 
of those species admittedly cast doubt on the hypothesis 
that the larger shells may be fossil at these stations. Yet 
the fossil shells were more abundant and frequent from 
station to station than the adventitious juveniles. 

Macoma mitchelli is a species of Upper Galveston, Trin- 
ity and East Bays, thus of areas of low salinity, generally, 
than that prevailing along the transects. Tellina texana 
is characteristic of West Bay, which usually has higher 
salinity than Lower Galveston Bay. These species were 
represented by single specimens of adult size. 


THE VELIGER 


Vol. 19; No. 2 


Probable 

agent of 

dispersal 
man ? 
hermit crabs 
hermit crabs 
hermit crabs 
hermit crabs 
hermit crabs 
hermit crabs 
hermit crabs 
hermit crabs 


Species 


Dinocardium robustum (Lightfoot, 1786] 
Cyclostremiscus pentagonus (Gabb, 1873) 
Pyramidella crenulata (Holmes, 1859) 
Busycon perversum (Linnaeus, 1758) 
Epitonium angulatum (Say, 1830) 
Cantharus cancellarius (Conrad, 1846) 
Olivella mutica (Say, 1822) 

Crepidula plana Say, 1822 

Crepidula fornicata (Linnaeus, 1767) 
Litiopa melanostoma Rang, 1829 Sargassum 
Succinea luteola Gould, 1848 drift wood 

The only bivalve of this list, Dinocardium, was repre- 
sented by a small fragment of a large shell. This species 
lives beyond the surf zone of the open beach and gulfward 
to several meters. I have never found it alive or as dead 
shell in the bay complex before the present survey. The 
fragment may have been discarded by man; it is a 
popular collector’s item, but large specimens are not easily 
obtained by dredging in this area (Harper, 1970). 

The other species of the list are all snails, most of which 
are assumed to have been brought in by hermit crabs (Pa- 
guridae). These crabs have a well known propensity for 
exchanging a smaller shell for a larger one as they grow, 
with little regard for the species of the shell. Cantharus 
cancellarius and Busycon perversum live only in the Gulf 
beyond the surf zone in the Galveston area, although Busy- 
con, at least, invades the bays at Corpus Christi. I have 
never found these 2 species alive in the Galveston Bay com- 
plex, but hermit crabs are often found carrying shells of 
both species there. That the smaller species of snails of the 
above list are also brought in by hermit crabs is more 
speculative: they are known to live beyond the surf zone 
in the Gulf, but I have not found them alive in the bays. 
Olwella, Pyramidella, Cyclostremiscus and Epitonium an- 
gulatum seem to live just beyond the surf zone in the Gulf. 

Probably several other species of snails should be added 
to the list of those having their shells dispersed by hermit 
crabs, even within the limits where they normally live: 
Thais haemastoma is chiefly found on oyster reefs, jetties, 
pilings and other surfaces on which barnacles are abund- 
ant. Anachis avara (Say, 1822) lives chiefly intertidally, 
on the jetties and in the bay on oysters. Even the shells of 
Dentalium harbor hermit crabs in West Bay (PETERSEN, 
1972). The 2 species of Crepidula were almost certainly 
distributed along the transects by hermit crabs, although 
the crabs never seem to inhabit the Crepidula shells them- 
selves. 
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The pelagic sea weed, Sargassum spp. is not infrequent- 
ly carried into the bays by flooding tides on the occasions 
when it appears along the beach, one to several times per 
year. Litiopa is a frequent inhabitant of Sargassum while 
the latter is well offshore, and the snail is not known to 
live elsewhere. The shells are very rare in offshore sedi- 
ments, where they might be expected to accumulate on 
substrates over which the sea weed frequently floats; per- 
haps the shells are not very durable in substrates. Most 
Litiopa seem to drop off before the Sargassum is washed 
upon the beach. 

Succinea luteola isa common land snail which frequent- 
ly seals itself to wood along the Texas coast. Great quanti- 
ties of drift wood and many species of land snails, most 
with narrow, toothed apertures and many-whorled shells 
often float across the bays at times of heavy rains in the 
hinterland; the drift wood and land snails are thrown 
upon the beach after they enter the Gulf. Succinea shells 
are rare among such stranded specimens, perhaps because 
their shape allows them to be easily filled with water, so 
that they sink soon after entering the bays. 

Besides the species segregated above, there remain 
those which have established reproducing populations 
along the transects. Of these, the great majority occurs 
throughout a wide variety of substrate composition, from 
mud to sand-shell (Figure 5), but a few species seem to be 
limited to the sandy and others to the muddy ends of 
the range. 

Only Mysella planulata (Stimpson, 1857) and Periplo- 
ma orbiculare Guppy, 1878 seem to be restricted to sub- 
strates of more than 50% mud. One of the 4 stations at 
which Mysella was found had slightly more sand-shell 
than mud (No. 33, 53% sand-shell), but this may be con- 
sidered essentially a species of muddy substrate. Both 
species were found at stations of more than 75% mud. 
Nearly all specimens of these species were alive, the ex- 
ception being Mysella, which was represented at station 
34 only by 2 fresh valves. 

Periploma orbiculare is a new addition to the list of 
Mollusca of the Northwest Gulf of Mexico. It is common 
in the middle of West Bay, where it occurs in soft mud 
below low tide level. I have recently found it in Matagorda 
Bay, farther south on the Texas coast. This species has 
been tentatively identified by Dr. Joseph Rosewater, a 
specialist on the Periplomatidae (RosEWaTER, 1968). 

The only other species limited to mud environment was 
Cyrtopleura costata (Linnaeus, 1758), which was found at 
only one station, represented by fragments of a large valve. 
The sampler would probably not collect live Cyrtopleura, 
which burrow over 30cm deep even when fairly small. It 
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is common in the intertidal zone of the more saline bays, 
chiefly in the winter. 

The list of species which were found only in substrates 
of more than 50% sand-shell is considerably longer: 

Ischadium recurvum (Rafinesque, 1820) 
Semele proficua (Pulteney, 1799) 
Trachycardium muricatum (Linnaeus, 1758) 
Petricola pholadiformis (Lamarck, 1818) 
Dentalium texasianum Philippi, 1848 
Turbonilla aequalis (Say, 1827) 

Thats haemastoma (Linnaeus, 1758) 

These species have all been found alive in Lower Galves- 
ton Bay or West Bay, but none were found alive during the 
present study. Ischadium is chiefly limited to oyster reefs 
and the concrete rubble often used to buttress the bay 
shores ; Petricola is a deep burrower, often found with Cyr- 
topleura in the intertidal zone, but characteristically in 
clay. Dentalium has been found alive in West Bay, but 
it may only occur alive in the more saline bays at irregular 
periods of several years (PETERSEN, 1972), perhaps being 
adventitious there from populations established offshore. 

The species indigenous to substrates of both more and 
less than 50% sand-shell are the following. The number 
of stations at which each was found is indicated for the 
mud and sand-shell substrates, and the numbers in paren- 
theses indicate the number of live specimens found in each 
bottom type. 


Sand- 

Species mud shell 

Nuculana concentrica (Say, 1824) 4(1) 11(0) 
Lunarca ovalis (Bruguiére, 1792) 4(1) 15(0) 
Anadara transversa (Say, 1822) 3(1) 15(0) 
Crassostrea virginica (Gmelin, 1791) 5(0) 9(0) 
Ostrea equestris Say, 1834 4(0) 13(0) 
Aligena texasiana Harry, 1969 4(0) 10(1) 
Crassinella lunulata (Conrad, 1834) 1(0) 11(0) 
Tellina versicolor DeKay, 1843 2(1) 14(4) 
Macoma tenta Say, 1834 3(0) (1) 
Abra aequalis (Say, 1822) 3(0) 17(0) 
Tagelus divisus (Spengler, 1794) 1(1) 8(1) 
Mercenaria mercenaria (Linn., 1758) 2(1) 8 (0) 
Mulinia lateralis (Say, 1822) 16(1) 17(0) 
Corbula caribaea d’Orbigny, 1842 4(7) 12(6) 
Pandora trilineata Say, 1822 1(0) 7(0) 
Acteocina canaliculata (Say, 1822) 5(0) 10(0) 
Turbonilla interrupta (Totten, 1835) 8(1) 12(1) 
Epitonium rupicolum (Kurtz, 1860) 3(0) 7(2) 
Polinices duplicatus (Say, 1822) 5(1) 9(1) 
Natica pusilla Say, 1822 5(2) 10(1) 
Anachis obesa (C. B. Adams, 1845) 6(4) 10(1) 
Nassarius acutus (Say, 1822) 14(3) 17(5) 
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The wide occurrence of the 2 oysters, Ostrea and Crass- 
ostrea, may result from their propensity to attach to any 
firm object, often very small, throughout this bay; they 
do not survive more than a year or so in areas unfavorable 
to the growth of oyster reefs. Crassinella may be adventi- 
tious from a neighboring colony known to persist in the 
Houston Ship Channel (Harry, 1966). 

Probably the absence of live individuals of those species 
represented only by dead shells was a matter of sam- 
pling, or it may indicate irregular periodicity or patchiness 
in their distribution. Even a cursory examination of the 
relative abundance of live individuals to dead shells, as 
detailed in Figure 5 and summarized above, indicates the 
ratios are larger on the muddy side of the midway point 
of particle size array. Or, if a species is found in muddy 
substrate it is more likely to be alive, whereas if it is 
found in a substrate predominantly of sand, the converse 
is true. The shells of most species which live in a broad 
array of substrate composition are more durable in sand 
than they are in mud. 

Some species of the above list live as established popu- 
lations both in the surf zone and gulfward, as well as in the 
subtidal parts of the more saline bays. They present 
special problems in determining their optimal and limiting 
environments. An example is Anadara transversa: small, 
live specimens less than 1 cm long are regularly abundant 
in the more saline bays and beyond the surf to 7m [4 fath- 
oms]. But in aquaria these specimens will grow to twice 
that size, or slightly more, and such large specimens are 
characteristic of the zone from 9 to 18m [5 - 10 fathoms] 
in the Gulf. Whether the specimens less than 1 cm long re- 
produce is unknown, but it is possible that this species is 
regularly adventitious near shore and in the bays, where it 
may not reach maturity. Harper (1970) also noted the 
abundant but small live specimens of this species along the 
Gulf shore. 

The data of the above list and Figure 5 demonstrate an- 
other interesting point which has not been reported: the 
overwhelming abundance of 3 species of shells in most sub- 
tidal samples. The species are Mulinia, Abra, and Nassari- 
us acutus. Shells of these species are so abundant that they 
obscure other species in a sample, making the sample diffi- 
cult to analyze. This assemblage is characteristic of off 
shore samples from 6 to 36m at Galveston, that is, from 
the outer surf zone to as far offshore as I have reliable 
data. It extends eastward to Alabama, and southward at 
least to Corpus Christi, thus covering an area of thousands 
of square kilometers. But live individuals of these 3 spe- 
cies are about as uncommon in the offshore area as they 
are in the present samples. 


DISCUSSION 


Ecologists term the living biota of a given area a bio- 
coenosis, defined by a uniformity of species composition, to 
emphasize the interaction of the organisms as a dynamic 
community. To the neoecologists, who limit their interest 
to the living phenomena of Recent geological time, the 
cycling of materials and transfer of energy brought 
about by the death of members of the community may be 
the most important aspect of the biocoenosis, particularly 
in constructing food chains and other ecological ‘“‘models”. 
The paleoecologists also recognize a necrocoenosis (a pop- 
ulation of dead organisms not yet fossilized), a thanato- 
coenosis (dead organisms derived from one or more bio- 
coenoses which did not live in the environment in which 
they were entombed) and other concepts which subtly 
differentiate various assemblages of organic remains 
(Hecker, 1965). 

These concepts are particularly useful in studying the 
distribution of benthic marine mollusks. The question of 
whether empty shells should be included in such studies is 
a vexing one which has been a major impediment to do- 
ing detailed synecological work on these animals. Fresh 
shells, showing little wear, are particularly troublesome, 
especially when no live ones are found. To preserve the 
samples in alcohol or formalin causes extreme retraction 
in some snails, so that one can not be sure, without crush- 
ing the shell, whether they were alive when collected. 
Drying the samples is equally poor, no less for small bi- 
valves than for many snails. Refrigerating the samples and 
reviving the live specimens in sea water, as was done in 
this study, is a satisfactory method; but it requires much 
tedious work soon after the samples are collected, if it is 


_to be reasonably accurate. 


The reports of some benthic surveys have ignored the 
problem, with the assumption that if the area of the sur- 
vey was sufficiently large, and some species were limited 
in their distribution within it, they lived in the part of 
the area where they were found, whether or not live spe- 
cimens were taken during the survey (Packarp, 1918, 
1918a). Some studies do not mention whether or not their 
data were based solely on living material (Rice & Korn- 
ICKER, 1965; Harper, 1970). A notable exception is an 
unpublished thesis by KENNEDY (1959), which reports 
the percent of each species of mollusk shell found at 18 
stations along an offshore transect east of Galveston, and 
furthermore notes the number and identity of live individ- 
uals. The number of live individuals in each sample was 
usually very low in comparison with the number of 
empty shells. He gave generalized analyses of the sub- 
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strate type of each sample, but these may not be charac- 
teristic of the whole of each station because the samples 
were taken by a dredge, hauled over a considerable 
distance at each station. The large range of other factors 
along his transect precludes a close comparison with the 
data of this study. 

E1sma (1966) studied several hundred bottom samples 
from the North Sea along 19 transects normal to the Dutch 
coast, and correlated the benthic mollusks with substrate 
type, shore proximity and other factors. He relied chiefly 
on live specimens, but also recorded empty shells. The 
relative distribution of living specimens and their dead 
shells is mapped for several of the species. In all cases, the 
area of the dead shells was somewhat larger than the area 
in which he found living specimens, and the latter was 
usually included in the former. He noted that the snail, 
Buccinum undatum, was not found even as dead shells in 
his samples, and that one bivalve, Mactra corallina, was 
found only a few times (evidently alive). However, shells 
of both species are abundant on the beach along the Dutch 
coast. Of other species which he did not find living, Sprsu- 
la solida and Mya truncata were “regarded as rather 
common”, and 2 others, Cardium crassum and C. echi- 
natum, “lived at least once in a rather dense population 
not far offshore, as their mass-strandings indicate, but 
[they] have disappeared completely since then” (E1sma, 
1966: 120). 

If we consider only the living mollusks away from the 
oyster reefs, the data of the present study support the view 
that a certain amount of mud is favorable to abundance, 
and that too little or too much results in depauperate 
molluscan faunas. Probably each species has a broad, if 
limited range of preference of particle size array. E1isMA 
(1966: 142 - 144) emphasized this, and summarized the 
extensive literature which has already appeared on the 
mollusks of his area. 

The ecological importance of silt and clay in the distri- 
bution of benthic marine organisms, particularly filter and 
detritus feeders, is being increasingly recognized (Purpy, 
1964). Organic material dissolved in sea water, where it 
is poorly available as food, may be concentrated by a factor 
of thousands by being adsorbed on the finer particles in 
suspension and on the bottom, and thus more available as 
food for filter and detritus feeders. Silt and clay in small 
amounts give a certain rigidity to sandy substrates, so 
that tunnels of burrowers would tend to stay open. But in 
filling the interstices between larger particles, the finer 
sediments may inhibit movement of capillary water, pro- 
ducing anaerobic conditions and an acid environment 
which is detrimental to the preservation of shell. 
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That mollusk shells are durable objects which may last 
for a long time after the death of the animal, and the pos- 
sibility of their being moved about by various agents, have 
been reasons sufficient to render them suspect in charting 
the distribution of benthic mollusks. Yet if all shells were 
equally durable and easily moved about, one could ex- 
pect to find a large number of species and many specimens 
of molluscan shells in every benthic sample. Such is obvi- 
ously not the case. Probably the shells of some species are 
more durable than others, remaining for years in the en- 
vironment, and easily fossilized, whereas the shells of other 
species persist in recognizable form for brief periods only. 
The shells of a given species might last longer in one 
environment than in another. 

An early attempt to note the differential durability of 
shells in general in contrasting environments was reported 
by Hamacker (1930). He noted that Long Island Sound 
was populated by numerous species of mollusks, the indi- 
viduals of which lived no more than a few years; and he 
wondered why that body of water had not been completely 
filled up with mollusk shells since the last glacial period. 
Analyses of the calcium carbonate content of particles of 
sand size and smaller from 84 beach stations between 
upper New Jersey and the Florida Keys demonstrated the 
gradual increase of calcium carbonate southward, from an 
average of 4% in the northern samples to 100% in the 
Keys. Oddly, he did not expressly note the direct correla- 
tion of calcium carbonate persistence with increasing aver- 
age temperature. But he also noted that samples of sub- 
strate from the lagoon side of the coastal barrier islands 
had less carbonate than those from the ocean side. “Why 
the waters of the New Jersey coast should dissolve the 
shells more rapidly than those of the Florida coast I can 
not say, nor yet why the enclosed salt waters are more 
active in this respect than the water of the open sea” 
(Hamacker, 1930: 13). 

The shells which seem to have the greatest durability in 
their natural habitat in the Galveston area are those of 
the following species: Anadara transversa, A. brasilana, 
Lunarca ovalis and Noetia ponderosa of the Arcidae; 
Ostrea equestris and Crassostrea virginica of the Ostrei- 
dae; Anomia simplex of the Anomiidae; Rangia cuneata 
and Mulinia lateralis of the Mactridae; Donax variabilis 
of the Donacidae; and Abra aequalis of the Semelidae. 
These species have been singled out as the most durable 
because their shells are the most abundant throughout the 
Galveston area. It would be difficult at present to propose 
a more precise ranking of the relative durability among 
them. Other species can be cited as somewhat less durable 
than these, and such a list would include some Pectinidae 
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and Veneridae. In coastal marine environments (7. e., dis- 
counting deep sea pteropod oozes), snail shells are rarely 
as persistent as a group as are the shells of bivalves. 

The 12 species thought to be most durable represent 
only 6 families, and this suggests that some intrinsic char- 
acteristic of these shells may be different from that of 
other, less durable species even within the families to 
which they belong. The thinness and delicacy of Anomia, 
Mulinia and Abra shells suggest that the thickness of the 
shell is not the only factor responsible for the shells of 
some species being more durable. 

There are considerable numbers of Rangia and oyster 
shells at localized places offshore of Galveston, at 27 to 324 
m [15 to 18 fathoms] and beyond, which are generally 
interpreted as representing fossil oyster reefs; these were 
probably reefs of a mid-bay environment, where Rangia 
and Crassostrea overlap, for the 2 usually occur together. 
That there are fossil beach deposits in the same offshore 
area is not as well known. The beach deposits contain 
Donax, Anomia and 4 species of Arcidae; some of the 
Mulinia and Abra shells may be fossil there also. PARKER 
(1960: 330) mapped the distribution of fossil Donax vari- 
abilis at 2 general zones, at 27 and 54m [15 and 30 fath- 
oms] off the coast of Texas and Louisiana. These presum- 
ably represent ancient beaches, formed during “still- 
stands”, as the water level fluctuated coordinately with 
the formation and destruction of the Pleistocene ice caps. 
His maps also indicate in a general way the presence of 
Crassostrea and Rangia assemblages in those areas. Al- 
though a few other species of the beach and bay assem- 
blages are mentioned as fossils associated with the above 
(ParKER, Op. cit., 328 - 329), including some snails, the 
list of fossilized species is still far short of the species known 
to live in those assemblages along the Texas coast today. 

The expense and other factors involved in determining 
the age of shells in marine substrate material by their 
radioactive isotope content (carbon-14 dating) has pos- 
sibly impeded the use of this technique. In any event, shells 
so used are usually preselected on the basis of their general 
appearance before analysis is made; species of the thanato- 
coenosis are used for the analyses and those of the necro- 
coenosis at the same place are rejected. In a report on 
the age of fossil shells offshore from Texas the species cited 
above as most durable constitute more than half of those 
used for isotope studies (Curray, 1969: 254 - 255). Un- 
fortunately, the analyses of several species are often com- 
bined in that study and so it sheds little light on the ques- 
tion of ranking species according to the relative durability 
of their shells. But many reports on determining the age 
of shells by using isotope analysis do not even list the 
species which were used (numerous references in the 
index of the symposium edited by SHEPaRp et al., 1960). 
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The conflicting accounts of the mineral composition of 
bivalve shells, that is, whether the shells of a family are 
of aragonite or calcite or both, and the relative durability 
of these major mineral species, merely confuse the issue. 
One need only compare the accounts of Baccitp (1930), 
and the earlier papers cited by him (which he mostly 
contradicted) with the more recent studies by TAYLOR & 
Kennepy (1969) and Tayvitor, Kennepy & Hatt (1969). 
The mineral composition of the shells of the Galveston 
area is not known. 

Important factors affecting the abundance of shells of 
a given species are the rates of production and destruction 
of the shell. If the shells normally decompose in their 
natural environment in a shorter time than the life span 
of the individual there may be few or no dead shells 
present, and the species would be represented chiefly by 
living individuals. Recalling that shells in general seem to 
last longer in sandy than in muddy substrates, we may 
find some support for the above hypothesis from the data 
of Figure 5. Periploma orbiculare and Mysella lunulata 
were represented only by living specimens, with the ex- 
ception of one fresh, dead shell of Mysella. These species 
are mud dwellers, and their empty shells probably decom- 
pose in a shorter time than the length of life of the 
average individual. Anachis obesa was found only as live 
individuals at the muddier stations; but it was also found 
alive once, and abundantly represented by dead shells in 
the sandy samples. The durability of this shell in mud 
may be shorter, and in sand longer, than the life span of 
this species. The same may be true of shells of Natica 
pusilla. 

If the shells of a species were very durable relative to 
the life span, and if the living population was sparse, only 
dead shells might be found in a survey of the present kind. 
This is probably true of Abra in the present study, and it 
may also account for Ersma’s (1966) finding only dead 
shells of some common species in the North Sea. 

The role of vagility in the distribution of mollusk shells, 
particularly beyond the area in which reproducing popu- 
lations are permanently established, may be somewhat 
more difficult to determine than that of their durability. 
Five agents were postulated as responsible for moving 
shells about in the present study area. In contrast to their 
relative durability, gastropod shells have a greater vagility 
than those of bivalves, chiefly because of hermit crabs, 
but also because there are several pelagic species, and 
snail shells may be more easily rolled about by currents. 

With the exception of a fragment of Dinocardium, ad- 
ventitious bivalves in the present study are thought to have 
reached their present station through chance settling of 
the larvae. They grew only to a small size, or very rarely 
to a size which is assumed to be adult. Tellina alternata 
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is an example of the “small adults” adventitious on the 
transects studied. Such adventitious adults are usually 
isolated. In Lower Galveston Bay I have also seen small, 
isolated live adults of Dosinia discus, another bivalve of 
the surf zone and seaward thereof, and on one occasion 
there were found single small live adults of Raeta plicatella 
(Lamarck, 1818) and Pitar texasiana (Dall, 1892) 
(Harry, 1969; see also Boyer, 1967 for the distribution 
of the latter species as Callocardia). But in the samples 
of the present study, Dosinia was represented only by small 
juveniles; the absence of this species as fossil adults in the 
ancient beach may indicate that it is less durable than 
the other beach shells. 

Some species may be regularly adventitious in areas 
where they are not established, as juvenile Dosinia and 
Anadara transversa; but other species, as Raeta and 
Pitar, may be adventitious only at irregular intervals 
of several years. A remarkable instance of a species being 
regularly adventitious over an extended area has been 
reported by CHANLEyY (1969), who persuasively argued 
that the Donax fossor Say, 1822, found from Connecticut 
to North Carolina, is in reality only environmentally modi- 
fied populations of Donax variabilis Say, 1822 found from 
Virginia southward along the Atlantic coast of North A- 
merica. He proposed that the D. fossor populations might 
grow to maturity and reproduce during the warmer part 
of the year, thus extending the population farther north- 
ward during that season, but he concluded that Donax 
does not regularly survive the winter in its northernmost 
range. There is a growing body of evidence that live spe- 
cimens are not necessarily reliable indicators of established 
populations in a given area. 

The vagility potential, both of live and dead individu- 
als, may vary among species. The adventitious species of 
the present study were all from adjacent environments, 
but the species found were only a few of those from 
whence they came. Most conspicuous by their absence 
were Littorina trrorata (Say, 1822) and Cerithidea plicu- 
losa (Menke, 1829), both of the salt marshes; their shells 
are often used by hermit crabs on the mudflats. Perhaps 
those shells are less durable than Cantharus, which lives 
much farther away from the present transects than the 2 
marsh species. 

The 5 agents postulated as responsible for the vagility 
of adventitious species of the present study area do not 
exhaust the possible ones. Transportation of shells by 
water movement is an additional and plausible factor. 
Jounson (1965) studied the relation of the bivalves of 
the biocoenosis and necrocoenosis in Tomales Bay, Cali- 
fornia. He concluded that “There are a few places in the 
bay with accumulations consisting primarily of trans- 
ported shell remains, and in each of these accumulations 


THE VELIGER 


Page 151 


the shells are badly worn and fragmented. From the 
nature of these deposits it seems likely that the paleonto- 
logist would recognize them when encountered in a fossil 
record.” The fragmentation of specimens along the Gal- 
veston transects might have been due to agents other than 
currents, such as a combination of chemical and biotic 
ones. No assemblage of dead shells was found in this 
study area which could be attributed to wave or current 
action. This difference may be due to varying conditions 
in Tomales and Galveston Bays, particularly the range of 
the tides and the accompanying force of the tidal currents; 
the tidal range in Tomales Bay is several times that of the 
Galveston Bay complex. 

The currents of Galveston Bay may play a role in 
molluscan distribution, in maintaining a particular sub- 
strate type at a particular place. Thus, the areas with 
high sand content probably have stronger prevailing cur- 
rents than those where silt accumulates. If the ancient 
beach crossed by the transects was not washed free of 
mud, it would soon be covered by sediments finer than 
sand. The winter stranding of surf zone mollusks on the 
beach and the shell ridges on the bay shore marshes attest 
to wave transport of benthic mollusks in this area, but 
there is no evidence that this regularly occurs in any but 
the shallowest subtidal area. 
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INTRODUCTION 


Bursatella leachii ple Rang, 1828, the ragged sea hare, 
is a common member of the shallow-water fauna of the 
Florida Gulf Coast. During mating and spawning seasons 
Bursatella may be locally abundant. Bursatella exhibits 
common gastropod behavior patterns such as trail-follow- 
ing (queuing), formation of copulatory chains, and ag- 
gregation. Little else is known of its behavior. Informa- 
tion concerning the ecology and physiology of Bursatella 
is equally rudimentary. The few studies in the literature 
have focused on distribution, development, anatomy, histo- 
logy and systematics (e. g., EALES & ENGEL, 1935; HEN- 
Ry, 1952; Davis, 1967; BeBBINGTON, 1969; KruczyYNSKI 
& Porter, 1969). 

Aggregation and trail-following in Bursatella are gen- 
erally associated with copulation and oviposition, which 
occur during winter and spring in Florida (HENry, 1952; 
personal observation). In January 1974, however, we 
found dense aggregations and queues of immature Bursa- 
tella. In this paper we describe the aggregations and 
queues and discuss the physical and biological factors 
which might have promoted them. 


OBSERVATIONS 


Aggregations and queues of Bursatella leachii pleti were 
found along a beach on 11 and 12 January 1974 at Pass- 
a-Grille Channel, Tierra Verde, St. Petersburg, Florida 
(27°39'N; 82°45’W). Similar aggregations occurred 
several kilometers south at Fort De Soto Park (J. Moss, 
personal communication). The aggregations were charac- 


1 Present address: Department of Zoology, Murray Hall, Uni- 
versity of Maine, Orono, Maine 04473 


terized by extremely high densities of very small individ- 
uals. Subtidally the distribution was markedly clumped 
with the density in one aggregation being 6600/m?. Aggre- 
gations formed at less than 1m depth by the convergence 
of queues of sea hares coming in from deeper water (Fig- 
ure /). Onshore aggregations appeared to be formed by 
stranded individuals from queues proceeding shoreward 
from the subtidal aggregations. A shoreline density of 
24 300/m2 was obtained. The trail-following behavior ex- 
hibited by many individuals resulted in the formation of 
long queues. The queues, oriented perpendicularly to the 
wave fronts (Figure 2), were not copulatory chains be- 
cause most of the individuals were not in physical contact 
(Figure 3), and were sexually immature (see below). 
Mucous trails were apparent on the sandy bottom. 

On 14 January, densities were greatly reduced (J. Law- 
rence, personal communication), and no Bursatella were 
found on 7 February. Neither copulatory chains nor egg 
strings were observed at these times or on 11 and 12 Janu- 
ary. A red tide occurred shortly after 7 February, and 
Bursatella were not observed in the area in the subsequent 
spring and summer. 

In a sample of 602 individuals collected on 11 January 
1974 from a subtidal aggregation, 95% of the specimens 
were between 1 and 22 mg dry body wall weight (DBWW) 
(Figure 4), corresponding to body lengths of about 3 - 15 
mm. The median size was 7.5 mg DBWW. Of the 602 
specimens collected, only one exceeded 100 mg. Two larger 
specimens are included in Figure 4 for comparison. Body 
walls of 35 adults collected in January 1975, however, had 
a range of dry weight of 1000 - 3200 mg and a mean of 
2200 mg. A 500 mg specimen is approximately 100mm 
in body length. 

Examination of individuals in the laboratory indicated 
that few were sexually mature. Although gonads, herm- 
aphroditic ducts, and copulatory bursae were present in 
all 604 specimens, gonads in specimens below 55 mg DB 
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Figure 4 
Size-frequency histogram for a sample of 602 Bursatella from 


within a subtidal aggregation. The 2 largest specimens were added 
to the sample for comparative purposes 


WW were diffuse. Gonad smears of 4 specimens of 8 - 19 
mg DBWW showed no eggs or sperm. The gonad index 
(dry weight reproductive system <100%/DBWW) was 
not measurable for specimens below 35 mg DBWW. Bursa- 
tella of 35-173 mg DBWW had indices less than 2% 
while the 2 largest specimens, weighing 438 and 591 mg 
DBWW, had indices of 16 and 9% respectively. By com- 
parison, 35 individuals collected in January 1975 from 
copulatory chains and egg-depositing aggregations had 
indices ranging from 12-47% with a mean of 29%. Di- 


gestive tracts of almost all juveniles and adults collected 
in January 1974 and January 1975 were filled with sand. 


DISCUSSION 


Reproduction is a function often associated with animal 
aggregations (ALLEE ef al., 1949). Aggregation during 
the breeding season appears to be a characteristic and pre- 
dictable event for Bursatella leachu plen in Florida. Aggre- 


Explanation of Figures J to 3 


Figure 7: Aggregation of juvenile Bursatella. Aggregations were 
formed by the convergence of queues coming from deeper water 
Figure 2: Queues of juvenile Bursatella oriented perpendicularly 
to wave fronts. Wave fronts are indicated by lines of reflected 
sunlight 

Figure 3: Queue of juvenile Bursatella. Most individuals in 
queues were not in physical contact 
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gations of adults associated with copulatory chains and 
deposition of egg strings have been observed from February 
to late April in Alligator Harbor (Henry, 1952) and in 
January, March and late May in Tampa Bay (E. Estevez, 
personal communication; personal observation). The ag- 
gregations described here apparently are not a seasonally 
recurring event. Aggregations of juveniles were not found 
in 1975; when juveniles were observed they occurred sing- 
ly. In addition, most members of the aggregations were 
sexually immature. These observations suggest that the 
aggregations served no reproductive function. 

In some cases aggregations might enhance the ability of 
an organism to obtain food (Warner, 1971). On the 
other hand, where preferred food is localized, aggregation 
might result accidentally from foraging and have no 
trophic function. Bursatella apparently feeds by ingesting 
the substratum. The general availability of this food source 
argues against a trophic basis for Bursatella aggregations. 

Aggregation might also serve a protective function by 
reducing thesurface area-to-mass ratio (ALLEE et al., 1949). 
For example, the tropical intertidal snail Cerithiwm clype- 
omorus aggregates with the falling tide to alleviate the 
stresses of high temperature and desiccation (Moutton, 
1962). The clusters of snails retained moisture, and intra- 
cluster temperatures were 3° C lower than sand tempera- 
tures. Subtidal aggregations of Bursatella would not serve 
a similar function since evaporative heat loss could not 
occur, and the onshore aggregations were caused by strand- 
ing rather than active aggregating behavior. Aggregation 
might also serve as protection against being swept away 
by currents (Brun, 1969; Warner, 1971). However, cur- 
rents and wave action were slight and had no disruptive 
effect on the movement of juveniles or adults until they 
neared the tideline. 

At this time it appears that a function cannot be 
ascribed to the aggregations of juvenile Bursatella we ob- 
served. Instead, we propose the following explanation for 
the formation of the aggregations. Firstly, because Bursa- 
tella is a shallow-water organism, it is reasonable to as- 
sume that juveniles, after larval settlement, would move 
toward shallow water in response to chemical or physical 
directional cues. For example the direction of wave fronts 
might be used as a cue indicating shallow water. The 
spiny lobster, Panulirus argus, orients to wave surge during 
queuing and migration (HERRNKIND & McLean, 1971), 
and our observations suggest a similar orientation to wave 
surge by juvenile Bursatella. Secondly, juvenile Bursatella 
appear to show behavior patterns typical of adults, includ- 


ing the tendency to follow mucous trails. The trailing re- 
sponse brings adults together for reproduction but serves 
no obvious function in juveniles. The trailing response did, 
however, promote the formation of queues of shoreward 
migrating juveniles. Due to common orientation to wave 
fronts and other directional cues, the queues converged 
near the shoreline and formed subtidal aggregations. The 
receding tide subsequently stranded many juveniles which 
ventured too near shore or which were unable to retreat 
through the dense aggregations to deeper water. We sus- 
pect that similar aggregations might recur annually at 
unnoticed low intensities and that the magnitude of the 
phenomenon observed in January 1974 was due to an 
unusually successful larval settlement that winter. 
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DurRING THE PAST few years, Dr. Antonio J. Ferreira 
and Mr. and Mrs. Roy Poorman have collected 4 speci- 
mens of a small chromodorid from tropical west American 
waters. Preserved specimens and color transparencies of 
the living animals were given to me for examination. A 
careful comparison of taxonomically important anatom- 
ical features has shown these specimens to be members of 
a new species. 


HOLOHEPATICA 


Doridoidea 


CHROMODORIDIDAE 


Chromodoridinae 


Chromodoris antonii Bertsch, spec. nov. 


Material Examined: 1) Holotype: One specimen (4 
mm long preserved) collected in about 9m of water, at 
Punta Aguja (near Mulege), Baja California, Mexico 
(approximately 26°53’ N; 111°56’ W), on July 28, 1974, 
by Antonio J. Ferreira. This dissected specimen and its 
mounted radula have been deposited in the collections of 
the Los Angeles County Natural History Museum, LACM 
Type Series, No. 1810. 


2) Paratypes: One specimen (4.5mm long preserved) 
collected subtidally in about 10 - 12m of water, Isla San 
Jose, Baja California, Mexico (approximately 24°53’N; 
110°34’ W), on August 14, 1973, by A. J. Ferreira. The 
dissected specimen and its mounted radula are in the 
LACM Type Series, No. 1811. 


3) One specimen (4mm long preserved), collected sub- 
tidally in about 28m of water, Los Islotes, Baja Califor- 
nia, Mexico (24°36’N; 110°24’W) on August 14, 1973, 
by A. J. Ferreira. The intact specimen is also in the LACM 
Type Series, No. 1812. 


4) One specimen (alive, 10mm long) collected in Santi- 
ago Bay, near Manzanillo, Colima, Mexico (approximate- 
ly 19°06’ N; 104°23’ W), in January, 1976, by Laura Shy 
and Forrest & Roy Poorman while diving. The dissected 
specimen and its mounted radula are in the LACM Type 
Series, No. 1813. 


This species has been collected only from subtidal re- 
gions, offshore along the Baja California coast of the 
central and southern Gulf of California, and from the 
southwestern coast of mainland Mexico. The known range 
of Chromodoris antonii extends some 1260km in a north- 
west - southwest direction in the tropical west American 
marine faunal province. 


Description: Lengths of preserved specimens vary from 
3 to 4.5mm; specimen 4 was measured alive as 10mm 
long. Mantle margin extends past the sides of the animal’s 
body, with the tail protruding out behind the posterior 
mantle margin about 1/9 the distance of the animal’s 
total length (Figure 1). 

Coloration consists basically of shades of blue, magenta, 
black, yellow-orange and white. A complete yellow-orange 
line encircles the rim of the notum; a black line immedi- 
ately borders the entire inner side of the yellow-orange 
band. A wide area of light blue covers the rest of the 
lateral notal region. This zone is divided by a blackish 
line concentric with the 2 outermost bands. The central 
dorsal region (from between the rhinophores to the ante- 
rior and lateral sides of the gills) bears a light magenta 
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Table | 


Radular sizes and teeth counts of Chromodoris antonti 


Length Width 
Specimen mm mm 
Material 1 0.61 0.3 
Material 2 0.75 7 
Material 4 0.64 : 
Average 0.67 0.29 


W:L Rows of Number of Teeth 
Ratio Teeth Per Half-Row 
1:2.03 ~56 235 
1:2.78 vfs} ~41 
1:2.06 abd) 32 
1:2.31 ~63 ~ 36 


color, with darker splotches scattered randomly. Running 
lengthwise down the center of the notum is a thick, broken 
white line, bordered by a slight yellowish tinge. Rhino- 


Figure 1 


Chromodoris antonii Bertsch, spec. nov. 
Drawing of living animal (from a color transparency 
by A. J. Ferreira). Holotype (LACM 1810) 


phores are light magenta proximally, and black the distal 
% of their length. The 6 or 7 pinnate gill plumes are 
pinkish-white basally, each tipped with black. Rim of 
branchial pouch is tinged yellowish. The dorsal portion of 
the foot, extending past the mantle, is rimmed by black, 
with successive light blue and dark blue regions, with a 
small broken white line along its center. 

The approximate radular sizes and formulae of speci- 
mens 1, 2, and 4 are given in Table 1. Because of their 
extremely small size, the radulae were damaged in moun- 
ting; exact measurements, and tooth and row counts of 
the radulae were not possible. The radula has no rachidi- 
an tooth. The lateral teeth bear long denticles, approxi- 
mately 4 the total width of the erect hook along an antero- 
posterior axis (Figure 2). There is no prominent cusp 
thicker and longer than the succeeding denticles. Instead, 
this structure is reduced to approximately the same size 
and thickness as the denticles, and it is often actually 
shorter than the immedately adjacent denticle. In the 
following description, this “‘cusp” is counted simply as a 
denticle. The inner teeth of each halfrow have 4 dent- 
icles (Figures 3, 4,5). The innermost tooth does not ap- 
pear to have additional denticles on its inner face. In the 
central portion of each half-row the teeth have 6-7 


(sometimes 8) denticles (Figures 6 and 7). The outer- 
most lateral teeth have only 4 or 5 denticles (Figure 8). 
All the teeth have a base not clearly set off from the erect 
denticulate shaft; the postero-dorsal surface of the tooth 
curves evenly upwards from the posterior portion of 
the base (Figure 5); outer teeth have a very short base 
(Figure 2). 


Figure 2 


Chromodoris antonii Bertsch, spec. nov. 
Outer lateral teeth from specimen 2 


(LACM 1811) approximately X 1500 


Discussion: Five genera of Chromodorididae have been 
reported from the Pacific coast of North America. Species 
of the genus Cadlina are differentiated from Chromodoris 
antonii because they 1) have a rachidian tooth with 
pronounced denticulations on the erect shaft; 2) are usu- 
ally colored whitish or yellow or shades of both; and 3) 
ecologically are predominantly members of temperate, 
cooler water faunal provinces. 

Chromodoris antonii can be separated from species of 
the remaining tropical chromodorid genera on the basis 
of coloration (cf. RupMAN, 1973, for a discussion about 
the species-specificity of coloration among chromodorids) 
and radular characteristics. 

Chromodoris banksi Farmer, 1963, C. baumanni Bertsch, 
1970, C. marislae Bertsch, in Bertsch et al., 1973, C. norrisi 
Farmer, 1963, and C. sedna (Marcus & Marcus, 1967) 
all have a white notal background color and a prominent 
cusp on the shaft of each lateral tooth. Chromodoris me- 
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farlandi Cockerell, 1901, is violet, with a yellow-orange 
band encircling the notum edge, and 3 longitudinal yel- 
lowish lines in the mid-lateral and central portions of the 
dorsum; its teeth have pronounced cusps. The teeth of C. 
porterae Cockerell, 1901, resemble C. antonii in overall 
morphology ; however, the coloration (blue with a yellow- 
orange line surrounding the central portion of the dor- 
sum) of C. porterae is distinctly different from C’. antonit. 
Chromodoris dalli Bergh, 1879a, is an enigmatic species, 
but its teeth have the typical prominent cusp. Chromo- 
doris glauca Bergh, 1879b, is a synonym of Hypselodoris 
californiensis (Bergh, 1879a) (BERTSCH, in prep.). 

Thorunna tura (Marcus « Marcus, 1967) and T: lapis- 
lazuli Bertsch & Ferreira, 1974, have numerous yellow- 
orange dots on the notum and lack either a peripheral 
orange or black line on the notal edge. Moreover, both 
species have a much broader based innermost lateral 
tooth; T: tura has a higher ratio of teeth per half-row : to- 
tal rows of teeth than does Chromodoris antonii, and T: 
lapislazuli has bicuspid outer lateral teeth. 

Hypselodoris sp. (figured in Marcus & Marcus, 1967: 
177, fig. 30), H. agassizi (Bergh, 1894), and H. califor- 
niensis all have bicuspid teeth with large distal cusps, and 
a dark blue body color with yellow dots or streaks on the 
dorsum Hypselodoris aegialia (Bergh, 1904) has bicuspid 
teeth, without additional denticles. 

Felimida sphoni Marcus, 1971, has a “red cross” colora- 
tion pattern; a distinct, large cusp on each tooth; and 
denticles on both the inner and outer faces of the 4 inner- 
most lateral teeth. 

The specific name antonii is chosen to honor Dr. 
Antonio J. Ferreira, my esteemed friend and fellow wor- 
ker, who graciously has shared with me his time, interest, 
and enthusiasm, and has contributed significantly to the 


knowledge of polyplacophoran and opisthobranch mol- 
luscan taxonomy. 
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Explanation of Figures 3 to 8 


Scanning Electron Micrographs of Chromodoris antonii Radulae 


Figure 3: Inner lateral teeth, holotype (LACM 1810) ca. X 570 
Figure 4: Inner and central lateral teeth, specimen 4 

(LACM 1813) ca. X 570 
Figure 5: Inner lateral teeth, holotype (LACM 1810) ca. X 1700 


Figure 6: Central lateral teeth (near middle of half-row) , specimen 
2 (LACM 1811) ca. X 1700 
Figure 7: Outer lateral teeth, specimen 4 (LACM 1813) 

ca. X 1700 
Figure 8: Outermost lateral teeth, specimen 4 (LACM 1813) 

ca, X 1700 
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Five New Species of Ovulidae 


(Mollusca : Gastropoda ) 


CRAWFORD N. CATE’ 


Museum Associate, Invertebrate Zoology, Los Angeles County Museum of Natural History, Los Angeles 
California 90007 


(1 Plate) 


OvuLDAE 


Ovulinae Fleming, 1828 


Ovulini Fleming, 1828 


Delonovolva Cate, 1973 


Delonovol’a macleani Cate, spec. nov. 
(Figure 5) 


Description, Holotype: Shell small, tubularly elongate, 
narrowing lanceolately to either end; terminal beak almost 
pointed adapically, less so anteriorly; dorsum fairly glossy, 
smooth, except for numerous fine longitudinal incremental 
growth lines; transverse incised striae few, irregular in 
design and continuity, very fine and confined mostly to 
posterior terminal collar; base smooth, subglossy, ovately 
elongate, with a curious shouldering of the base-whorl 
toward the rear; base reduces in width, narrowing to the 
front, bending and constricting adaperturally; columella 
without longitudinal impression, with a highly elevated, 
longitudinal, adaxial carinal ridge interiorly on the front 
half, which provides for a shallow fossular depression; 
aperture the length of the shell, broad, open at either end; 
outer lip edge rounded, thickly formed, nearly straight, 
constricting acutely abapically, more gently so to the 
rear; shell color deep rose over all, with only the outer lip 
edge pale beige. 


™ Mailing address: P O. Drawer 710, Rancho Santa Fe, California 
92067 


Measurement, Holotype: 
mm (LACM 72-58) 


L - 4.7; W - 1.6; H - 1.4 


Measurement, Paratype: 
dult shell: L — 4.6mm) 


L - 8.7mm (a third sub-a- 


Type Locality: 54-137m of water, off Punta Quepos, 
Puntarenas Province, Costa Rica (09°22’43”N; 84°09’ 
41” W). 


Distribution: At present known from the type locality 
and the Galapagos Islands (paratype). Sub-adult shell 
(LACM 72-63) from Isla del Cano, Puntarenas, Costa 
Rica. 


Holotype: Los Angeles County Museum of Natural His- 
tory: LACM No. 1772. 


Discussion: This new ovulid species appears to resem- 
ble the Baja California - Southern California Delonovol- 
va aequalis (Sowerby?"*, 1832), on casual inspection, and 
may be compared with it. However, it seems to differ from 
D. aequaits not only in geographic separation, but in being 
very much smaller; it lacks the normally distinct trans- 
verse, incised terminal collar striae, especially covering 
the anterior terminal collar, where it is mostly obsolete; 
the base of the shell is less uniformly ovate, having a 
noticeably rectangularly formed base-whorl adapically; 
the adaxial carinal ridge is shorter, more elevated, and of 
a different shape; this new species lacks the yellow color- 
ing in the terminal canal tips, which is a distinctive 
character in the Sowerby species. 

This delicate ovulid species is named in honor of Dr. 
James H. McLean, Curator of Invertebrate Zoology, Los 
Angeles County Museum of Natural History, Los Angeles, 
California, who collected the specimens. 
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Cyphoma Rooine, 1798 


Cyphoma sedlaki Cate, spec. nov. 
(Figures 4, 4a, 4b, 4c) 


Description: Shell small, narrowly elongate, almost 
tubular in outline, yet somewhat flattened in appearance; 
terminals broad, squarish posteriorly, somewhat less so 
anteriorly; terminal tips, shell margins solidly, thickly 
calloused, though only barely keeled posteriorly; dorsum 
smooth, glossy, transversely keeled sub-centrally, with a 
large, rounded ridge, shell tapering gradually to either 
end from sharply upraised outer keel; keel continuous 
from outer lip margin, over dorsum, across base, becoming 
obscure on columella; base smooth, glossy, narrowly ovate; 
gently curved aperture without special character; ventral 
surface of outer lip smooth, glossy, rounded from margin 
to aperture, without dentition; dorsum deep rose, with 
remainder of shell, terminal beak margins, base, and 
outer lip milk-white; transverse dorsal keel paler rose. 


Measurements: L - 15.5; W — 6.7; H — 5.1mm 


Type Locality: Offshore coral formation at Sombrero 
Reef, Marathon, Vaca Key, Florida Keys (approximately 
24°40’N; 81°07’W). The animal was found in 5 feet 
(approximately 1.5m) of water, living on a purple sea 
fan, May, 1975. 


Holotype: U.S. National Museum of Natural History, 
Smithsonian Institution, No. 710912 


Discussion: This new cyphomid species is named in 
honor of Richard Sedlak, Fort Lauderdale, Florida, who 
appears to have been the first collector to have found 
this living animal. 

The shell of Cyphoma sedlaki perhaps most closely 
resembles that of C. signatum Pilsbry « McGinty, 1939, 
because of the ventral aspect of the shell. Cyphoma sed- 
laki differs by being smaller, more flattened, with less 
heavily calloused terminal beaks, whose callus thickening 
is much less upraised, more indistinct. The shell also differs 
in having a somewhat uneven longitudinal construction of 
the outer lip; the shell color and combination of colors 


likewise are different, with an unusual pattern on the 
living animal’s mantle and foot (see Figures 4a, 4b, 4c). 

The shell and animal of this new species were provided 
by Rod and Patricia Armes, Fort Lauderdale, Florida, 
who commented: “the animal seems to change the mantle 
pattern from irregular circle spots to solid line stripes, 
often exhibiting a mixture of both, though basically there 
always seems to be a combination of stripes at either 
end, and circular ringed spots centrally [Figure 4c]. Un- 
like the striping of Cyphoma signatum, whose stripes are 
more numerous and permanent in design, and non-ex- 
panding.” 


Volvini Schilder, 1932 


Cymbovula Cate, 1973 


Cymbovula segaliana Cate, spec. nov. 
(Figure /) 


Description: Shell small, narrow, elongately ovate, sol- 
id; terminals narrowly produced, bluntly square in front, 
sub-spatulate posteriorly, strongly formed; base long, nar- 
rowly ovate, very finely transversely striate over all, sub- 
glossy, having a weak, flattened carinal ridge longitudi- 
nally on left margin, with base angling inward adaxially; 
aperture long, narrow, widening to the rear, more so ab- 
apically; columella long, narrow, outlined within by a 
distinct longitudinal carinal ridge that broadens flange- 
like to form a shallow fossula, but constricts in front to 
form a lengthened narrow terminal ridge; apertural canal 
blunt, open in front, closed, sub-spatulate posteriorly; 
outer lip ventrally broad, heavily, thickly formed; outer 
lip teeth very fine, almost obsolete on rear half of inner 
edge, with widely spaced, lengthened dental ridges tra- 
versing rear ventral lip surface, projecting from lip edge 
peripherally; shell color milk-white to yellow over all 
except for a hint of whitish beige along columellar side of 
base. 


Measurements: L - 9.8; W - 3.7;H — 2.7mm 


Explanation of Figures J to 5 


Figure 1: Cymbovula segaliana Cate, spec. nov. x 74 
Figure 2: Cymbovula malaita Cate, spec. nov. x7 
Figure 3: Cymbovula kurziana Cate, spec. nov. x5 


Figure ¢: Cyphoma sedlaki Cate, spec. nov. X 34 
Figure 5: Delonovolva macleani Cate, spec. nov. X 13 
photographs by B. Draper 
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Type Locality: Penang Island, W Malaysia (05°25’N; 
100°15’E). 


Distribution: Also collected at Pulau Tikus (Rat Island), 
about 14km offshore. 


Holotype: LACM No. 1770 


Discussion: This new ovulid species probably most close- 
ly resembles Cymbovula deflexa (Sowerby7"4, 1848). How- 
ever, it differs from that species by having a smaller, 
shorter shell; by lacking the conspicuously formed and 
curved rear terminal beak; by heavier, more deeply in- 
cised dorsal striae; by larger, more ponderous labial teeth; 
this new species lacks a brilliant orange color line encirc- 
ling the shell at the marginal shoulder. 

The name of this new species honors Dr. Earl Segal, 
Northridge, California, who collected several of these 
shells while on a field trip to these islands in West Malay- 
sia. 


Cymbovula malaita Cate, spec. nov. 
(Figure 2) 


Description: Shell medium sized, somewhat broadly 
ovate, solidly formed; terminals almost squared front 
and back; arched, open anteriorly; dorsum roundly in- 
flated, humped centrally, then gently, evenly tapering to 
either terminal beak; dorsum subglossy, with numerous 
distinct transverse striae visible on entire surface; base 
long, narrowly ovate, angling fairly sharply adaxially, 
with a lengthened narrowing, constricting to the front; 
aperture narrow, gently curving, although almost straight, 
with 2 adapical canal openings, broadening anteriorly; 
columella long, narrow, distinctly depressed, concave, 
inwardly defined by a longitudinally elevated carinal 
ridge, which elevates conspicuously at the front to form 
the fossula; outer lip broad, flattened, covered with nu- 
merous long, coarse, well defined denticles that protrude 
beyond the inner and outer peripheral edge of lip; teeth 
weakening into obscurity on front half of lip; shell lip, 
margin, terminal beaks very thickly, broadly calloused, 
with very little shouldering or suturing above; shell color 
pale pink dorsally, with base, lip margin, columella, outer 
lip, terminal beaks whitish-pale ivory. 

Measurements: L — 10.0; W —- 3.8;H - 2.6mm 
Type Locality: Malaita Island, Solomon Islands (09° 
00’S; 161°00’E) 


Distribution: 
ity. 


At present known only from the type local- 
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Holotype: LACM No. 1771 


Discussion: This new species appears to be somewhat 
like Cymbovula kurziana Cate (herein) and may be only 
a variety of that species; however, there seem to be enough 
differences between them to justify separating them spe- 
cifically. Cymbovula malaita appears to differ by being a 
larger shell; by having a narrower, less inflated shell 
shape; by having a less rounded base, without sharply 
inclining adaxially; by having a less spiculate, more re- 
flected posterior terminal beak; and by having dual aper- 
tural canal outlets at the adapical terminal beak; the elon- 
gate continuation of the faintly ridged base to the front 
terminal ridge is straight, rather than short, acutely 
angled. 

The name of this species is derived from the name of its 
type locality. 


Cymbovula kurziana Cate, spec. nov. 
(Figure 3) 


Description: Shell of medium size, broadly elongately 
ovate, roundly inflated, sub-tubular; terminals taper even- 
ly to either end, roundly pointed, sub-spatulately closed 
adapically; squared, openly arched in front, with a thick, 
corded callus on the edges; dorsum smooth, sub-glossy, 
with distinct incised transverse striae over posterior ter- 
minal beak, striae becoming more widely separated, less 
distinct (almost obsolete) on anterior beak; base smooth, 
thinly calloused, with continuation of dorsal striation 
visible under callus; base broadly ovate, tapering evenly 
to front and back, where it becomes a long angular ter- 
minal ridge; aperture long, gently curving, narrow most of 
its length, becoming openly broad in front due to constric- 
tion of both front lips; columella curving, narrow, distinct- 
ly concave, forming a weak longitudinal adaxial carinal 
ridge, which becomes prominent in front to form a long, 
narrow fossula; outer lip broad, flattened, thickly shoul- 
dered at marginal edge, with weak, mini-teeth on rear 
half of lip, weakly crenate to the front; columellar funi- 
culum long, thick, heavily formed, having several fairly 
distinct angular teeth (chevron-like) thereon; shell color 
varies from a rich bright rose-mauve through lighter 
shades to pure white, dorsally, with lip and terminal mar- 
gins, base, columella, lip bright ivory-white to white. 


L —- 8.9; W - 5.5;H - 4.3mm 
Malaita Island, Solomon Islands (09° 


Measurements: 


Type Locality: 
00'S; 161°00’E) 


Distribution: Known only from the type locality , 
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Holotype: LACM No. 1764 


Discussion: This new ovulid species may be compared 
with Cymbovula deflexa (Sowerby*"*, 1848) from which 
it differs in a number of ways: the shell is much broader 
over all; it does not have an adaxially slanting base due 
to having a shorter ventral ridge on the base; it lacks the 
brilliant orange line encircling the side margins and ter- 
minals of the Sowerby species; the adapical terminal beak 
is not reflexed, the dorsal striae are straight, rather than 
wavy, and less distinct overall; and finally, the shell color 
and ornament are different. 

The name of this new species honors Mr. Richard M. 
Kurz, Wauwatosa, Wisconsin, who sent the shells to the 
author for identification. 
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Growth of the Littleneck Clam, Protothaca staminea, 


on Porpoise Island, Southeast Alaska 


A. J. PAUL, JUDY M. PAUL anp HOWARD M. FEDER 


Institute of Marine Science, Seward Marine Station, Seward, Alaska 99664 


(2 Text figures) 


INTRODUCTION 


THERE ARE numerous beaches in southeast Alaska capable 
of supporting small-scale commercial harvests of the little- 
neck clam, Protothaca staminea (Conrad, 1837). Current- 
ly, harvesting of this desirable clam is inhibited by legal 
restraints related to Paralytic Shellfish Poison (PSP) 
(OrtH et al., 1975). However, throughout southeastern 
Alaska there are areas relatively free of PSP. Recently, 
the Alaska Department of Health and Social Services sub- 
mitted a new Alaska Shellfish Sanitation Program to the 
U. S. Food and Drug Administration for review. If the 
Program is accepted, it will be possible for the State to 
begin to legalize the sale of Alaskan clam products. 

Papers dealing with the basic biology and fishery po- 
tential of Protothaca staminea are available for Prince 
William Sound, Alaska (FEDER & Pau, 1973; PauL & 
Feper, 1973) and for British Columbia, Canada (FRASER 
& SmitTH, 1928; QuayLe & BourNE, 1972; QUAYLE, 
1943). Toxicity of P staminea from PSP is considered by 
Feisinc (1965). No intensive work on littleneck clams 
is available for southeastern Alaska. The purpose of this 
investigation was to examine the age and growth relation- 
ship of a population of P staminea from the Juneau region 
of southeastern Alaska. This area was chosen because it 
is located approximately midway between Prince William 
Sound and British Columbia and the data would be 
complementary to existing studies. 


METHODS 


Specimens of Protothaca staminea were collected from a 
gravel beach on Porpoise Island, southeastern Alaska (lati- 


' Contribution No. 276, Institute of Marine Science, University 
of Alaska 


tude 58°19.7’ N; longitude 135°27.3’ W; see Figure 1) 
on May 23 and 24, 1975, by digging between the tidal 
heights of 0.0 and 1.0m. Porpoise Island is about 64 air 
kilometers from Juneau. Small specimens were collected 
by screening the sediment from 9 randomly selected 1m? 
plots. A series of nested screens were used with the smallest 
mesh 1.51.5 mm. All shells were examined under a 
2> lens and shells with badly abraded surfaces (11% of 
the 904 clams collected) were discarded. Age was deter- 
mined for the remaining 805 clams by counting annuli, a 
series of closely-spaced concentric growth lines that are the 
result of slow winter shell growth in northern waters (PAUL 
& FEDER, 1973). The measurement taken on all clams was 
the greatest length at the last annulus (see FRASER & 
SMITH, 1928, for details on measurement technique). 


RESULTS 


The littleneck clam at Porpoise Island reaches a shell 
length of 24-30mm in 4-5 years. This is the size for 
harvest for it and the Japanese littleneck clam, Venerupis 
japonica (also called Tapes philippinarum Adams & Reeve, 
1850), in Washington (NosHo « CHEw, 1972). The oldest 
clam we examined was 13 years old and 62.1 mm long. 
The mean shell lengths for the various age classes are in- 
cluded in Table 1. Growth curves for Protothaca staminea 
from Porpoise Island, Galena Bay, Alaska, and Victoria, 
British Columbia, are presented in Figure 2. 


DISCUSSION 


Protothaca staminea on Porpoise Island grows approxi- 
mately twice as fast as those from Prince William Sound 
where it takes 8 to 10 years to reach a length of 30mm 
(see Figure 2 and Paut « Feper, 1973). In British Colum- 
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Figure 1 


Map of the North American Pacific Northwest, illustrating the 
relative positions of Porpoise Island, Alaska; Galena Bay, Alaska; 
and Victoria, British Columbia, Canada 


bia, the littleneck clam is harvested at approximately 38 
mm, 3 - 4 years old (QUAYLE & Bourne, 1972; FRASER & 
SmitH, 1928). Water temperature is probably the most 
important factor affecting growth rates of clams in north- 
ern regions (Amos, 1966). An excellent discussion on 
latitude and relative growth of the razor clam, Siliqua 
patula (Dixon, 1788), is provided by WeyMouTH et al., 
G@issine 

Based on growth data for Protothaca staminea from 
Porpoise Island, beaches in southeastern Alaska could be 


harvested on a 5 to 10 year rotational basis. Recruitment 
success would be the most important variable in deter- 
mining the number of years between harvests. 

The littleneck clam can be harvested with an inexpen- 
sive hydraulic clam rake (BourNE, 1967; FEDER & PAUL, 
1973) and is hardy enough to be marketed alive (FEDER & 
PavL, op. cit.). This clam is also the proper size for freez- 
ing to supply the steamer clam market. Currently, the de- 
mand for clam products in the North Pacific region of the 
United States exceeds the supply (GLupE, 1974). As a re- 
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Table 1 


Average size and age of 805 Protothaca staminea collected 
on Porpoise Island, southeastern Alaska, May 1975. 
N = Number of clams. ML = Mean length of clams. 

SD = Standard deviation. 


Age ML(mm) SD(mm) N 
Q} 3.8 0.4 6 
1 5.7 0.8 56 
2 9.3 2.8 132 
3 16.3 27) 158 
4 23.5 3.8 99 
5 30.1 3.1 87 
6 35.6 4.0 66 
7 41.4 2.33 57 
8 47.0 2.1 72 
9 50.7 3.1 44 

10 53.9 lea 20 
11 56.2 25 5 
12 59.5 0.8 2 
13 62.1 = 1 

Total 805 


1The term 0 age group refers to those individuals of the settling 


year class that have undergone only one growing season (5 to 6 
months) before forming their first winter annulus. Thus, indi- 
viduals referred to as one year of age are actually 17 or 18 months 
old, and have lived through two growing seasons. 


sult of this, clams are imported from British Columbia 
(GLuDE, op. cit.). Southeastern Alaska has many beaches 
with littleneck clams that could be harvested to help meet 
this demand. 


SUMMARY 


1. Protothaca staminea was collected on Porpoise Island, 
southeastern Alaska; age was determined for 805 
specimens by the annular method. 

2. On Porpoise Island, Protothaca staminea attains a 

harvestable size of 24 - 30mm in 4 - 5 years. 

3. Growth rates of Protothaca staminea from Porpoise 
Island, southeast Alaska; Prince William Sound, 
southcentral Alaska; and Victoria, British Columbia, 
Canada, are compared. In the Victoria region, P 
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Figure 2 


The relationship between shell length (mm) and age of Protothaca 
staminea from Porpoise Island, southeast Alaska; Galena Bay, 
southcentral Alaska; and Victoria, British Columbia, Canada 


staminea reaches a shell length of 30mm in 3 years. 
In Prince William Sound, P staminea requires 8 years 
to reach a shell length of 30mm. 
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A Burrowing Response of Mercenarta mercenaria (Linnaeus, 1758) 


elicited by Asterias forbes: (Desor, 1848) 
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INTRODUCTION 


ONE OF THE STRATEGIES employed by a prey species in 
coping with the detrimental effects of predation is an es- 
cape response. As a species under predation dwindles in 
number, selection strongly favors those individuals posses- 
sing superior escape abilities (EMLEN, 1973). 

The escape or avoidance behaviors exhibited by mol- 
lusks in response to predatory sea stars are many and in- 
clude: leaping, covering of the shell with the mantle, 
swimming, and an increased rate of locomotion (ANSELL, 
1969a; Feper, 1972). Many of these responses can be 
elicited at a distance and contact with the sea star is not 
necessary (Marco.in, 1964a; Burke, 1964; Montco- 
MERY, 1967; FEDER & ARVIDDSON, 1967; PuiLutps, 1975). 
This suggests chemical recognition of the predator by the 
prey. 

The sea star, Astertas forbesi (Desor, 1848), has been 
considered a predator of the hard clam, Mercenaria mer- 
cenaria (Linnaeus, 1758) (Betpinc, 1912). PraTT «& 
CaMPBELL (1956) showed that the average burial depth 
of M. mercenaria in test boxes was greater where A. for- 
besi was present than in its absence. They suggested the 
clams were apprised of the sea star chemically or tactu- 
ally, and driven deeper into the sediment. The purpose of 
this study was to determine if this response could be 
mediated chemically and if digging behavior was grossly 
modified by chemical exposure to sea stars. The possibility 
that other behaviors, not associated with digging, could 
be modified, was also investigated. 

The particulars of Mercenaria mercenaria’s digging be- 
havior have been clearly described by ANSELL (1962) 
and ANSELL & TRUEMAN (1966) and will not be dealt 
with here in great detail. However, some description and 
definition, gleaned from the above authors, is necessary. 
The downward movement of M. mercenaria occurs in a 
series of steps, each of which is accomplished chiefly by 
a contraction of the foot. The “digging cycle” refers to 
those events associated with each step. The “digging pe- 


riod” refers to the time from commencement of burrowing 
activity to the attainment of a final position in the sub- 
strate. Thus, a digging period is comprised of a number 
of digging cycles. The duration of a digging cycle is rela- 
tively short near the beginning of a period and remains 
fairly constant until the hinge margin of the clam is level 
with the surface of the substrate. At this point the time 
per cycle becomes progressively longer. The depth a- 
chieved per digging cycle shows a similar pattern in that it 
decreases as the period progresses. 

The experimental work will be presented in three sec- 
tions; the first dealing with the possibility of chemical 
mediation, the second with modification of digging be- 
havior, and the third with modification of behaviors other 
than those associated specifically with digging. 


CHEMICAL MEDIATION or DIGGING 


INITIAL BuRIAL 


Materials and Methods: Sixty Mercenaria mercenaria 
were collected at Quonochontaug Pond, Rhode Island on 
July 7, 1974 and numbered with blue enamel paint. They 
were divided into groups of 30 individuals. Group 1, com- 
prised of the odd numbered clams, had a mean size of 
5.27 + 1.23cm and Group 2, the even numbered clams, 
had a mean size of 5.31 + 1.20cm. Size was measured as 
the longest axis. The sea stars, Astertas forbes: (longest 
arm 4.5- 10cm) were collected from the pilings of the 
pier at the Graduate School of Oceanography on the first 
day of their use. 

The experiments were conducted in 2 identical fiberglass 
tanks of length 132cm x width 76cm x height 40cm, 
located side by side in the laboratory and supplied with 
ambient Narragansett Bay water from a flow through sea 
water system. Each tank had 20 - 23cm of Narragansett 
Marine Laboratory beach sand as a substrate. The depth 
of water above the sand, maintained by a stand pipe at 
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one end of the tank, was 15 - 18cm. Each tank could be 
drained by a secondary drain hole located in the stand 
pipe just above sand level. This was closed with a # 3 
rubber stopper. Under the inlet nozzle, located in the 
middle of each tank, was a plastic bucket of height 25.4 
cm and bottom diameter of 15.25cm. The buckets had 
small holes, made with a knife, on the sides near the 
bottom. Two wooden racks were constructed. From each 
rack 3 plastic freezer containers (height 10.8cm X length 
12cm X width 12cm) were suspended by nailing the tops 
to the rack. The racks were constructed so that the con- 
tainers could be suspended in the water parallel to the 
short axis of the tank. The containers were completely sub- 
merged, but not in contact with the sand. Each container 
had about 160 holes in the sides and bottom. The 2 racks 
with their containers were placed on either side of the 
central bucket, midway between it and the ends of the 
tank. This rack-container arrangement will be referred to 
hereafter as an apparatus. 

In the control for the first mediation experiment, the 
clams were allowed to burrow from the sand surface and 
their individual depths were recorded after approximately 
24 hours. The procedure for each day was as follows. The 
tanks were drained. The depth of each clam, measured 
as distance from sand level to shell top, was determined 
with a ruler. The clam being measured was then unearthed 
for identification and its depth recorded in centimeters. 
After all clams had been measured, the sand surface was 
smoothed, the buckets and apparatus having been re- 
moved and rinsed with hot tap water were replaced and 
the clams placed on the sand surface in a fixed pattern 
but random order. The tanks were then filled and the flow 
adjusted to 5.7 //minute. Each group of clams experienced 
each tank with and without the apparatus twice. A repli- 
cation required 4 days to complete. 
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The procedure for the experimental runs was similar, 
except that sea stars were placed in the bucket and con- 
tainers of the apparatus. Tank A was utilized as the sea 
star tank and thus contained the apparatus, while neither 
sea stars nor the apparatus were ever used in in Tank B. 
Each group experienced each tank 4 times. A replication 
required 2 days. There were 2 groups of sea stars: the first 
(19 sea stars) was used on days 1 - 4, and the second of 
16 on days 5 - 8. 

The depth data were analysed using an analysis of 
variance program (ANOVA) of the Statistical Analysis 
System on an IBM 370 computer. The analysis of variance 
model assumed that all factors were fixed, except “clams” 
which were random, that “days” were nested under “re- 
plications” and “clams” were nested under “groups.” A 
rejection level of a = 0.05 was used for F-tests. 


Results and Discussion: ‘The analysis of variance for the 
control runs showed no significant difference between 
groups. There were significant Tank effects (F = 8.35, 
df = 1, 58), Apparatus effects (F = 4.56, df = 1, 58) 
and Tank & Apparatus interaction (F = 20.36, df = 1, 
58). 

The analysis of variance for the experimental runs re- 
vealed no significant group effect but did show a signifi- 
cant difference between sea star and non-sea star situations 
(F = 162.09, df = 1, 58). The results for the control runs 
(Table 1) show that the combination of Tank A with the 
apparatus, which was the sea star situation in the experi- 
mental runs, produced the shallowest mean depth (2.36 
cm). This combination produced the greater mean depth 
(3.89cm) in the experimental runs with sea stars in the 


apparatus. 


Therefore, these data indicate that Mercenaria mer- 
cenaria can sense the presence of Asterias forbesi chemi- 


Table 1 


Results of Control runs: mean depth + std dev (cm) of two groups of clams 
burrowing from the sand surface in two tanks, with and without the apparatus. 


30 clams in each group, 2 replications, 4 days required for completion of a replication. 


Group I Group II 
Replication Replication 
Tank Apparatus | 1 2 1 2 
A: 2.50 Yes: 2.36 | 2.15 + 1.06 2.36 + 1.21 2.16 + 1.0 2.65 + 1.2 
ery No: 2.64 Dey) se Iie) 3.00 + 1.15 2.35 + 1.32 2.89 + 1.26 
B: 2.62 Yes: 2.69 2.70 + 1.08 3.00 + 1.14 2.29 + 1.02 2.73 1.27 
rit | No: 2.54 2.37 + 1.00 2.80 + 1.22 2.34 + 1.20 2.70 + 1.08 
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cally, and when allowed to burrow from the sand sur- 
face, reach a deeper final position when they sense sea 
stars than when they do not. 


Table 2 


Results of experimental runs: mean depth + std dev (cm) 
of two groups of clams burrowing from the sand surface 
in Tank A with the apparatus containing starfish 
and in Tank B. 30 clams in each group, 4 replications, 
2 days required for completion of a replication. 


Replication Group I Group II 

1 3.80 + 1.24 3.64 + 1.03 
ne oa ‘ 2 4.01 £1.11 3.89 +1.94 
Seay 9 a0 3 3.51 +1.08 3.89 + 0.98 
nes 4 4.22 +1.04 4.16 + 1.24 
1 3.12 +1.03 2.17 £1.02 

Tank B without 
ieee ee 2 3.40 +1.06 3.19 +1.10 
Bee 7 3 3.04 +0.91 2.84 £1.06 
ee 4 3.55 £1.03 3.47 + 1.06 


When the individual reactions of the clams were ex- 
amined using the paired t-test (pairing was by replica- 
tion), it was found that exactly 50% showed a significant 
reaction to the sea stars at an @ level of 0.05. 


RENEWED BuRROWING 


The previous experiment dealt only with Mercenaria 
mercenaria burrowing from the surface, which is presum- 
ably an unusual situation. It was thus desirable to know 
whether a clam already buried could be induced by 
Asterias forbesi effluent to burrow deeper. 


Materials and Methods: The basic procedure for meas- 
urement of depth was the same as already described. In 
this experiment only Tank B was used, and only 47 of 
the 60 original clams were employed. Depth measure- 
ments were taken and the clams unearthed every 48 hours 
for 4 days and every 24 hours for 2 days and lastly after a 
final 48 hour period. After the first 24 hours of the final 48 
hour period, the apparatus was removed, and 25 Asterias 
forbesi (size: 7.41 + 1.80cm) were distributed between 
the containers and bucket. The apparatus was then re- 
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placed. Flow rate was measured with a 1 / graduated 
cylinder. These experiments ran from May 27 to June 4, 
1975. As a control for removing the apparatus, two 48 
hour periods were compared: the first in which nothing 
was done, the second in which the apparatus was lifted 
out and replaced after the first 24 hours. This control was 
done at a later date (June 13 - 17, 1975) and the sand was 
not changed in the tank. 


Results and Discussion: The flow rates for the experi- 
mental and control runs were 6.04 //min + 3.44 and 
4.86 1/min+0.78 respectively, and temperatures ranged 
between 15.5 and 18.2° C. The results for the experimental 
runs (Table 3) show that the clams were no deeper after 
48 hours than they were after 24 hours (confidence inter- 
vals overlap). This means that after 24 hours they have 
attained their final position and will not renew burrowing 
within the next 24 hour period. Therefore, after the first 
24 hours of the final 2 day period the clams have attained 
a depth similar to those previously recorded. The signifi- 
cant increase in depth is attributable to the final 24 hours 
of the experiment when sea stars were present (confidence 


Table 3 


Results of renewed burrowing experiments: 
47 clams burrowing in Tank B, two replications 
of 48 hour and 24 hour measurements. 


Hours before measurement 


48 
48 A 48B 24A 24B |Starfish 
eel i es ee ne he ei ae ae 
Experimental: 
Mean Depth (cm) 2.85 2.84 2.85 2.93 4.47 
Standard 
Deviation 0.98 0.91 0.93 1.05 1.09 
Standard 
Error 0.14 0.13 0.14 0.15 0.16 
Confidence 
Interval (99.9%) 0.49 0.46 0.49 0.53 0.56 
Paired T-Value 
Control: 
Mean Depth (cm) 3.78 3.88 0.8367 
Standard 
Deviation 1.02 0.98 
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intervals do not overlap). Again, since mechanical stimu- 
lation of the clams by sea stars was obviated, renewed 
burrowing was induced by some chemical(s) liberated by 
the sea stars. 

The control runs (Table 3) show that removing and re- 
placing the apparatus had no effect on the depth of the 
clams. The depths for the control were somewhat deeper 
than for the experimentals (excluding the final 48 hours). 
This could have been caused by a remnant sea star signal, 
possibly absorbed onto the sand. Thus even after 9 days 
sea star signal may still have been present. 


MODIFICATION or DIGGING BEHAVIOR 


The previous experiments have shown that Mercenaria 
mercenaria will renew burrowing significantly in response 
to chemical stimulation by Asterias forbes. Therefore, it 
was desirable to know whether digging behavior was 
modified in some way by this chemical stimulation. This 
was accomplished by making chart records of clams dig- 
ging after the methods of ANSELL (1962). 


Materials and Methods: Clams were attached by means 
of a thread glued to one valve, to a heart and smooth 
muscle module (Model 271, Harvard Apparatus Co.) with 
ink pen mounted on a 20cm chart mover (Model 450, Har- 
vard Apparatus Co.). They were allowed to dig in a 
plastic chamber (length 18cm width 11.4cm & height 
21cm) in 14- 15cm of Narragansett Marine Laboratory 
beach sand. Water flowed into the chamber, from a 7.21 
capacity plastic reservoir, just above the sand and out at 
the top on the opposite wall. The water depth in the 
chamber was 6-7cm. Flow was measured by either a 
Gilmont # 13 flow meter located between the reservoir 
and chamber or by a graduated cylinder at the outlet of 
the chamber. The reservoir and chamber were connected 
by rubber tubing and flow was adjusted with Hoffman 
screw clamps. The procedure was as follows. A clam was 
started in a more or less fixed position, that is, hinge 
ligament up and parallel to the surface of the sand. A 
record of the initial burial was then made. Approximately 
30 minutes after cessation of burrowing, 10 sea stars were 
added to the reservoir. The clam was then given one hour 
to renew burrowing. The sand was changed for each run 
and the chamber and reservoir rinsed with hot tap water 
between runs. The paper speed was determined for each 
run by marking the paper every 30 seconds for several 
minutes. The following were measured for each run: 
ambient water temperature, experimental temperature, 
final depth, and the point at which the valves became 
level with the sand. Unfortunately, the latter had to be 
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estimated in 4 trials (clams: 36, 39, 42, 53). A total of 
24 trials was run using 13 clams. The distribution of 
trials is shown in Table 4. These experiments were con- 
ducted, using clams from the previous experiments, from 
February to May, 1975. 


Table 4 


Distribution of trials and number of reactions 
for digging behavior experiments 


Clam Size (cm) Trials Reactions 
29 5.0 1 1 
31 4.7 2 il 
36 5.1 2 2 
38 5.2 1 1 
39 5.5 4 2 
42 5.9 3 1 
44 5.6 2 ] 
26 5.0 1 0 
48 6.3 2 2 
43 5.6 1 1 
52 6.9 3 0 
55 7.0 1 0 
53 6.9 2 2 

24 14 


A control trial was run for each clam. In these trials 
a clam was allowed to burrow and given about 2 hours 
in which to renew burrowing. No sea stars were added 
to the reservoir at any time. These trials were made in 
July and August, 1975. 

From the records a number of parameters could be 
calculated: average cm/dig, cm/min, duration of period, 
number of digging cycles, and number of digs/min. As 
a fairer comparison with renewed burrowing which oc- 
curred at a lower depth, the parameters for initial burrow- 
ing were calculated using measurements from sand level. 

Statistical tests were made using the non-parametric 
Mann-Whitney U-test after SNEDECoR & CocHRAN (1967). 
For comparison of the 2 types of digging exhibited when 
clams did react to sea stars, the non-parametric, paired, 
Wilcoxon signed rank test after SNEDECOR & CocHRAN 
(op. cit.) was employed. Data were paired by trial. 


Results and Discussion: The 24 experimental trials fell 
into 2 groups: those in which reactions to the sea stars 
occurred (reaction trials) and those in which no reaction 
was observed (non-reaction trials). The results are pre- 
sented in Tables 5 and 6. 
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Table 5 


Digging in reaction trials before (initial) vs. 
after (reaction) the addition of starfish. 
Reaction trials = 14, clams = 9 


Digging Wilcoxon 
Parameter Initial Reaction Ranks 
Depth (cm)— Mean X 1.92 2.27 42 
Standard Deviation S 1.31 1.41 
CM/Dig x 0.076 0.070 40.5 
S 0.016 0.022 
CM/Min x 0.021 0.025 35.5 
S 0.008 0.014 
Period (Min) x 95.49 103.21 44 
S 59.94 57.32 
Digging Cycles x 25.43 32.86 38 
S 19.02 16.77 
Digs/Min X 0.27 0.34 23.5 
S 0.10 0.12 
Last Five Initial — x 0.25 0.54 g! 
First Five Reaction 
Digs/Min S 0.09 0.30 
Time (Min) before xX 31.75 _ 
Addition of Starfish S 15.75 = 
Flow (ml/min) *K 78.07 
S 78.45 
Temperature (°C) 
Ambient x 4.98 
S 1.68 
Experimental xX 13.56 
S 2.82 


1Significant at a = 0.05. 


In non-reaction trials, significantly (Mann-Whitney 
T < 81 a=0.01) longer digging periods and a greater 
number of digging cycles occurred than in reaction trials 
(refer to Tables 5 and 6 for data). This indicates a 
greater expenditure of time and effort in initial burial 
for non-reaction trials than for reaction trials. Therefore, 
when a clam did not react, it may have been more re- 
fractory to stimuli which induce burrowing and the chem- 
ical stimulus from the sea stars was not sufficient to ef 
fect renewed burrowing. 

Faster initial burrowing was observed (refer to data 
in Tables 5 and 6) for controls than for reaction trials 
(Mann-Whitney T < 129 a = 0.01) and non-reaction 
trials (Mann-Whitney T < 79 a = 0.01). This is evi- 
denced by the greater values for cm/min and digs/min 


and the smaller value for digging period. Both ambient 
and experimental temperatures were higher for the con- 
trols than for reaction (Mann-Whitney T < 129 a = 
0.01) and non-reaction trials (Mann-Whitney T < 79 @ 
= 0.01). Flow rates did not differ between trial groups. 


Thus, the differences in digging rate are correlated with 


temperature, the faster rates occurring at the higher 
temperatures. 


Table 6 


Digging of controls vs. initial digging in non-reaction 
trials. Controls = 13 clams, 1 trial each, 
non-reaction trials = 10, clams = 7. 


Digging Nee 


Non-reaction Whitney 


Parameter trials Controls ali 
Depth (cm)— Mean x 2.66 2.03 140 
Standard Deviation S 0.77 0.98 
CM/Dig Xx 0.070 0.082 111 
S 0.019 0.048 
CM/Min X 0.018 0.58 692 
S 0.004 0.057 
Digs/Min x 0.27 0.60 662 
S 0.06 0.23 
Period (Min) X 150.79 52.75 572 
Ss 31.96 31.09 
Digging Cycles x 39.90 26.15 76.52 
S 12.26 10.24 
Time (Min) before X 32.52 = 
Addition of Starfish S 9.10 — 
Flow (ml/min) x P, 57.31 100 
Ss 29.34 10.13 
Temperature (°C) 
Ambient X 6.46 22.75 792 
S 0.56 1.27 
Experimental Xx 13.59 24.86 79? 
S 1.85 0.68 


2Significant at a = 0.05. 


The average time between addition of sea stars and 
supposed renewal of burrowing in reaction trials was 
14.40 + 11.32 minutes. This is assuming that the clam 
has ceased burrowing in the half hour before addition of 
sea stars and that it has renewed burrowing in response 
to that addition of sea stars. There are 2 lines of evidence 
which allow us to make this assumption. 
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In the control trials, during the 2 hours (2.68 + 0.65 
hrs) following cessation of initial burrowing, only 4 
clams showed any burrowing activity. This was of little 
consequence, resulting in no measurable increase in depth, 
and the average number of digging cycles during this 
period was 1.0. In the experimental trials, by contrast, 
measurable and recognizable burrowing occurred in over 
half (14 of 24) the cases after the sea stars were added. 
The average number of digging cvcles for the 14 cases 
(32.68 + 16.77) was significantly greater (Mann-Whit- 
ney T < 129, a = 0.01) than for the 2 hour control 
period (1.0). Therefore, significantly more extensive bur- 
rowing activity was induced by sea stars than otherwise 
occurred, In addition, if the last 5 digging cycles of in- 
itial burrowing are compared with the first 5 of a reaction, 
a significant increase in the number of digs/min is ob- 
served for the reaction (Table 5). Thus, at the outset the 
burrowing observed in the sea star conditioned water is 
recognizably different from that observed in unconditioned 
water just prior to addition of sea stars. This difference 
indicates the beginning of a new digging period rather 
than a continuation of the old. 

The data (Table 5) show that there were no differ- 
ences, aside from that already mentioned, between ini- 
tial burrowing and the renewed burrowing in reaction 
trials. 


MODIFICATION or OTHER BEHAVIORS 


Mercenaria mercenaria forcibly ejects water, essentially 
by valve adduction, either from between the valves or 
out of the incurrent siphon. Valve squirting is employed 
during burrowing (ANSELL & TRUEMAN, 1966) while 
squirting out the incurrent siphon is used mainly for the 
ejection of pseudofeces. Observations showed that siphon 
squirting could be induced by gentle mechanical stimu- 
lation of the siphon tips. Three experiments were con- 
ducted on siphon squirting. The first examined the resist- 
ance of the response to habituation in sea water and in 
sea star conditioned water. The second was conducted to 
determine if sea stars could elicit the siphon squirt and 
the third to determine the behaviors elicited by stimu- 
lation of the siphons. 


HasituaTION EXPERIMENTS 


Individual clams were placed in 125mm > 65mm cir- 
cular pyrex dishes. The siphon tips were stimulated at 


approximately 2-second intervals by prodding with a 
metal probe until either 10 squirts were induced or until 
more than 50 stimulations were required to induce one 
squirt. If the siphons were withdrawn, stimulation and 
and count of stimulations were halted until the siphons 
were again sufficiently exposed for stimulation to begin. 
The count of stimulations was also resumed. Each of the 
26 clams was tested first in unconditioned water and then 
in sea water in which several sea stars, Astertas forbesi, 
had been for at least 1 hour. The clams were allowed to 
recover for at least 45 min between tests. 

The number of siphon squirts induced for each clam in 
each situation was recorded. Data were paired by clam 
and any difference between situations was tested using 
the normal approximation to the Wilcoxon signed rank 
test, after SNEDECOR & CocHRAN (1967). 

The mean number of siphon squirts in unconditioned 
water was 4.46, and 5.36 in sea star conditioned water. 
These means were significantly different (Z = 2.55) at 
a 1010053 


SEA STAR ELICITATION OF THE SIPHON SQUIRT 


Four clams were placed in a plastic tray (48.25cm XX 
35.55cem > 14cm) with about 10cm of water and 2 
sea stars. The number of times that the sea stars contacted 
the siphons and the response to each contact were noted. 

A total of 13 contacts was observed. In 11 of these, a 
siphon squirt resulted. All but one were elicited by con- 
tact with the sea star’s oral surface. 


Bewaviors ELIcITED BY STIMULATION OF SIPHONS 


Individual clams were placed in the pyrex dishes and 
their siphon tips stimulated with a metal probe by rub- 
bing until either full withdrawal of the siphons or a squirt 
was elicited, and the sequence of behaviors was recorded. 
Nineteen clams were employed and 62 observations of 
behavioral units were made involving stimulation of the 
siphons. 

Upon stimulation of the siphons, Mercenaria mercena- 
ria showed the following behavioral units: partial and full 
withdrawal of the siphons, partial and full closure of the 
siphons, siphon squirt, valve squirt, and closure of the 
valves. Of the 62 observations of these behaviors, 14 were 
siphon squirts and 9 were valve squirts. The point is that 
a valve squirt, which is involved in digging (ANSELL & 
TRUEMAN, 1966) can be elicited by stimulation of the 
siphons. 
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GENERAL DISCUSSION 


The results presented here indicate that Mercenaria mer- 
cenaria renews burrowing in response to some chemical(s) 
emanating from Asterias forbesi. This renewed burrowing, 
which brings Mercenaria to rest at a greater depth, is 
presumably a response designed to avoid predation. It is a 
slow response, essentially the same in pattern and taking as 
long to complete as the initial burial. The fact that it is 
mediated chemically suggests that it could be elicited from 
a distance. This would allow the clam to begin its escape 
before the sea star could locate accurately and attack the 
clam. 

Renewed burrowing in response to the presence of 
predators occurs in other bivalves such as Ensis arcuatus, 
E. siliqua (ANSELL, 1969) and Cultellus pellucidus (An- 
SELL, op. cit.; NIELSEN, 1975). All of the above mentioned 
respond to Asterias rubens (Linnaeus, 1767) and C. pel- 
lucidus to Buccinum undatum Linnaeus, 1758 as well. 

The characteristics of the chemical(s) mediating the 
escape response of Mercenaria mercenaria were not ex- 
amined in this study. However, the asteroid chemical 
stimulants to avoidance in some other mollusks have been 
partially characterized. Macxtr, LAsKER & Grant (1968) 
showed that saponin-like materials from Marthasterias 
glacialis (Linnaeus, 1765) and Asterias rubens could me- 
diate the escape reaction of Buccinum undatum. The 
saponinic nature of this material was later confirmed by 
Turner, SmirH & Mackie (1971). LaureNson (1970, in 
Mackie & Grant, 1974) has shown that saponins are re- 
sponsible for the escape reaction of Melagraphia aethiops 
to Coscinasterias calamaria (Perrier, 1894). In general, 
the chemical(s) eliciting molluscan avoidance reactions 
are weakly dialyzable (Fever, 1972), indicating large size. 
That the sea star should liberate large molecules would 
seem, at first examination, metabolically wasteful. It has 
been suggested that these chemicals may serve as de- 
fense substances against parasites and predators and that 
repulsion of some prey animals is an expected result 
(Mackie & Grant, 1974). Fever (1972) observes that 
some species of limpets (Marco.in, 1964b) and abalones 
raise their shells and loosen their grip on the substrate 
upon approach of a sea star. This may have initially facil- 
itated dislodgment of the prey from the substrate (FEDER, 
Op. cit.). 

It would seem advantageous for a relatively slow 
moving predator, such as the sea star, to maximize its 
encounters with prey organisms and at the same time 
minimize the probability of mistakenly attacking a dead 
organism. By inducing a potential prey to move upon con- 
tact, the sea star would maximize, or at least intensify, 


the potential cues for prey recognition. Movement alone, 
for example, could differentiate a limpet from its rock 
substrate. Along with movement comes raising of the 
shell and perhaps a greater chemical signal by which the 
prey could be recognized. By releasing chemicals which 
induce activity in the prey, the sea star may have initially 
facilitated prey recognition, thus maximizing encounters 
and reducing mistakes. 

Some of the results presented here suggest that this 
sort of mechanism could exist in the predator-prey rela- 
tionship of Asterias forbesi and Mercenaria mercenaria. 
The data show that squirting out the incurrent siphon can 
be elicited upon siphonal contact with A. forbest. Further- 
more, Mercenaria is more likely to squirt in response to 
mechanical stimulation if chemical stimuli from A. forbesi 
are present. Thus, through release of a chemical(s) A. 
forbesi may have initially increased the probable number 
of siphon squirts elicited by mechanical stimulation of the 
siphons as it moved across a clam flat. This would have 
increased the amount of chemical stimulation of the sea 
star by the clam and increase the intensity of mechanical 
stimulation by ejected water, both of which could be 
used by the sea star for prey recognition and location. 

Asterias forbesi has commonly been considered a vora- 
cious predator (Netson, 1946). However, it is not known 
conclusively how Asterias locates its prey. NELSON (op. 
cit.) reported that experiments with A. forbes: showed no 
evidence that this sea star had any way of locating food, 
but he found this hard to believe. GALTSOFF & LOOSANOFF 
(1939) suggested that supposed raids and invasions of 
oyster beds were not due to movement of A. forbes: but to 
in situ growth of young sea stars. On the other hand, Net- 
SON (op. cit.) and BuRKENROAD (1946) both suggest that 
A. forbesi migrated in search of food. Asterias rubens was 
attracted to Mytilus edulis Linnaeus, 1758 and Ostrea edu- 
lis Linnaeus, 1758 in a Y-maze (Castitya, 1972). ZaFi- 
riou et al. (1972) suggested that the response of asteroid 
species to intact animals may depend on erratically re- 
leased metabolites or require non-chemical cues. They 
found, however, that A. vulgaris (Verrill, 1866) was 
clearly attracted to oyster tissue solubles and that postur- 
ing and stomach eversion could be elicited chemically. 
SmirH (1940) observed A. vulgaris approaching oyster 
beds from 12m away over a 2-day period. It seems clear 
then that chemical cues may be utilized by some asteroids 
for prey location. 

A bivalve water current, however, can provide both 
mechanical and chemical stimulation. THorson (1966) 
has reasoned that Astropecten irregularis (Linck, 1733) 
is able to locate Spisula, with its high metabolic and 
pumping rates, more often than a Venus with its low rates. 
This difference is attributed to the more active water cur- 
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rent produced by Spisula. The chemical(s) liberated by 
Asterias forbesi may have initially served this sort of 
function. By increasing the likelihood of squirting in Mer- 
cenaria mercenaria, an effectively more chemically and 
mechanically active water current is produced. 

Gonor (1966) suggested that the escape responses of 
marine snails evolved from pre-existing locomotory and 
righting movements. Swimming in bivalves, such as Pec- 
ten, may have evolved from the cleaning reflex (BULLOCK, 
1965). The data presented here would support Gonor’s 
hypothesis when applied to bivalves. The burrowing re- 
sponse of Mercenaria mercenaria to Asterias forbesi is 
essentially indistinguishable from initial burrowing and is 
thus a clear example of utilization of a pre-existing loco- 
motory pattern for escape. 

Evolution of many escape behaviors appears to have 
been in the direction of flight (see Pratt, 1974, for short 
review) rather than towards minimization of locat- 
ability. The relatively uncomplicated response of Mer- 
cenaria mercenaria suggests a plausible explanation. 

I suggested earlier that Asterias forbes, through release 
of a chemical, increased the probability of siphon squirt- 
ing in Mercenaria mercenaria. Mercenaria can also squirt 
water from between the valves, and this occurs just prior 
to contraction of the foot in the digging cycle (ANSELL & 
TRUEMAN, 1966). The only gross difference between the 
2 sorts of squirts is that the siphons are either open or 
closed. The results presented here show that valve squirt- 
ing can be evoked by stimulation of the siphons. There- 
fore the sea star could presumably elicit a valve squirt, 
which is a preparatory behavior to contraction of the foot 
and the way is opened for renewed burrowing. 

Similarly, the limpet and abalone raise their shells 
upon first sensing a sea star. Slight raising of the shell 
from the substrate is undoubtedly a necessary prepara- 
tory behavior for locomotion. Perhaps those prey behavi- 
ors associated with preparation for locomotion afforded 
the best cues for prey recognition. Excitement of these 
behaviors might logically lead to a locomotory response 
by the prey. Thus, a prey-sensing mechanism, evolved in 
the predator, has given an impetus and direction to the 
prey’s compensatory defense, channeling it toward flight. 
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INTRODUCTION 


THE EGG CAPSULES of the members of the superfamilies 
Volutacea, Mitracea and Conacea from the Caribbean 
Coast of Colombia show little variety of shapes even 
though secreted by species of such different taxonomic 
affinities. Within the family Olividae (Oliwa reticularis 
Lamarck, 1810, Olivella perplexa Olsson, 1956) Mitridae 
(Vexillum puella (Reeve, 1845)), Volutidae (Voluta vires- 
cens (Lightfoot, 1786]), Marginellidae (Hyalina avena 
(Kiener, 1834)), Terebridae (Terebra cinerea (Born, 1778)) 
and Turridae (Drillia solida C. B. Adams, 1830, Cras- 
sispira sp.) cupola-shaped egg capsules are formed and in 
the family Conidae and the genus Conus bilaterally flat- 
tened, asymmetrical, vasiform capsules are produced. This 
fits rather well into the picture demonstrated by other 
authors regarding the egg capsules of most of these super- 
families (D’Asaro, 1970; Epwarps, 1968; KNuDSEN, 
1950; Koun, 1961; Lamy, 1928; LesBour, 1945; Mar- 
cus & Marcus, 1959; OsTercAaRD, 1955; Parne, 1962; 
Perry & SCHWENGEL, 1955; PonpER, 1972; THorson, 
1946). 

The spawn of 13 species of higher Neogastropoda from 
Santa Marta (Colombia) is described, 10 of them here 
for the first time. Additional material was collected in the 
summer of 1971 on Curacao (Netherlands Antilles). 

This study was supported by the Deutsche Forschungs- 
gemeinschaft, which made possible a stay of 18 months 
at the Instituto Colombo Aleman (ICAL) in Santa Marta, 
Colombia and a 10 day visit to the Caraibisch Marien 
Biologisch Instituut (Carmabi) in Curagao. 

Identification of the egg-laying females was accomp- 
lished with the help of publications by WARMKE & AB- 


BOTT, 1961 and KaurFMANN «& GorttiNc, 1970. Dr. R. 
Tucker Abbott checked and corrected the determinations 
on material mailed to him. 

The shells of the veligers or crawling young hatching 
from most of the here described types of capsules are 
figured and described by BANDEL (1975c). 


METHODS 


Spawn was collected in the sea near the ICAL mainly 


_ with the help of fins, mask and snorkel and only in rare 


cases by aqualung diving. The egg cases of Voluta vir- 
escens and Conus largillierti Kiener, 1848 were obtained 
from material dredged with fishing nets by Rudo von Co- 
sel and by myself. 

Animals and spawn were collected from fall 1970 to 
spring 1972. Most egg cases described herein were pro- 
duced by animals held in aquaria with seawater running 
12 hours a day. In one case (Conus jaspideus pygmaeus 
Reeve, 1844) the manner of capsule production could be 
observed in detail on the glass and plastic walls of the 
aquaria. 

Freshly spawned egg-masses were marked or taken out 
of the aquaria and then observed in glass dishes filled 
with seawater that was renewed every 2 days. The cap- 
sules were drawn by my wife with the help of a binocular 
microscope immediately after spawning. Capsular dimen- 
sions were determined on fresh oothecae containing living 
embryos, if possible. The spawn was observed in the labo- 
ratory of ICAL at a room temperature of 25 to 27°C 
until the young hatched. The time of development in the 
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glass dishes was more or less the same as that in aquaria 
and in the sea. 
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Figure 1 


Map of the coast line near Santa Marta, Colombia, showing the 
collecting stations for the individuals mentioned in this report 


Remarks on the Ecology of the Adult Individuals: 


Oliva reticularis Lamarck, 1810 is a habitant of sandy 
bottoms and was found all around Santa Marta in depths 
of water from $m to over 20m. In areas with muddy 
dark sands, as for example in the bay of Santa Marta, shell 
coloration is olive-green, while in pure quartz-sands, as 
for example near the beach of the bay of Villa Concha, 
and in the pure white carbonaceous sand of the Ensenada 
Chengue, shell coloration is light reddish brown. 

Similar light reddish brown coloration was noted on 
animals found at the Lac, a large, shallow, open lagoon 
on the island of Bonaire (Netherlands Antilles). 

Oliva reticularis usually is buried shallowly within the 
sand and only the long, very agile siphon is extended 
over the surface. Food, as for example burrowing Bivalvia, 
worms and remains of fish thrown from the fishermen’s 
boats, is spotted by the siphon and reached subsurface 
while shallowly burrowing through the sand. The animal 
leaves a clearly visible trail on the surface of the sedi- 
ment, revealing where it had moved within the bottom. 
If the food lies on top of the substrate, the carnivore will 
leave the sand 5- 10cm in front of its prey, will take 
hold of it as soon as it reaches it, and will retreat into the 
substrate immediately afterwards. In the aquarium with a 
sandy bottom substrate this food uptake could be observed 
very well. When fresh fish meat is thrown into the aquari- 
um, Oliva individuals approaching under the surface usu- 
ally within a short time (minutes) will emerge from the 
sand and reach the meat in an almost direct approach. 
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After testing the prey with the siphon it takes hold of the 
flesh, envelops it with its large posterior foot and within 
less than a minute it will burrow into the sand again. 
First contact with the meat, wrapping it into the foot 
and disappearing into the sediment to complete disappear- 
ance was often accomplished within 15 seconds. While 
locomotion on and within the sand can be quite rapid, 
steep walls like those of the aquaria and rock faces can 
not be negotiated by Oliva. 

Olivella perplexa Olsson, 1956 lives within muddy sedi- 
ment everywhere around Santa Marta from about | m of 
depth downwards. Living individuals and dead shells 
may be found in all sieve probes of a few handfuls 
of sediment. An especially flourishing population of 
this species was encountered in the muddy sediment of 
the northern extension of the bay of Chengue. Here the 
bottom water is influenced by very warm (30 - 33°C) and 
saline (and therefore heavier) lagoonal water derived 
from a shallow lagoon behind a beach bar that is connect- 
ed to the bay by a narrow canal. Each handful of sur- 
face sediment here contained more than 20 living indi- 
viduals of the scavenging and carnivorous species. In the 
aquarium O. perplexa requires a muddy bottom substrate, 
or it will climb up the aquarium walls and leave the water, 
drying out within a short time. Individuals of this species 
are found in thickets of all sorts of filamentous, minute 
algae growing on rocks or larger boulders below the zone 
of direct wave action, as well as in soft sediments. 

Vexillum puella (Reeve, 1845) occurs under rocks and 
in crevices in cliffs and large boulders in depths between 4 
and 2m. Its occurrence lies in all rocky environments en- 
countered around Santa Marta from rubble beaches 
to cliff debris and coral reef rubble. Individuals may also 
be obtained on the exposed surfaces of rocks and cliffs 
which here are overgrown with a heavy cover of calcare- 
ous algae. In aquaria individuals of this species can be fed 
easily with fish meat. 

Voluta virescens [Lightfoot, 1786] prefers sandy and 
muddy bottoms as its environment where it usually can be 
found buried within the sediment. To change its locality 
it has to come up to the surface of the substrate and crawl 
to a new location. In aquaria, Voluta usually remains 
hidden in the sediment during daylight and will leave its 
resting place in darkness and move about on the sediment 
and climb up the smooth aquarium walls. Individuals of 
this species probably live on annelid worms which are 
hidden in the sediment. Most commonly, living animals 
were found washed up on the beach from Santa Marta 
Rodadero after strong wave action due to storms in the 
open Caribbean Sea. Living animals were also dredged in 
considerable numbers offshore from the airport of Santa 
Marta in depths of 6 - 12m on muddy substrate. All these 
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Figure 2 


Generalized profiles demonstrating typical habitats of the species 
the spawn of which is described: 
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A. from left to right: rocky shore; shallow lagoon bottom with 
turtle grass and single, loose rocks; depression behind the reef with 
large, hollow, single coral colonies; coral reef; and rippled sand at 
its seaward base 
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B. from left to right: sand beach with water leaking through it 
from a pool, formed by a fresh water creek; rippled sand; turtle 
grass on pure sand, later muddy sand; and silty to muddy bottom 
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individuals carried sea anemones, 2 - 4cm long, attached 
to the shell opposite the aperture. When transferred to 
an aquarium, it showed that the volutes, used as a hard 
base for attachment by the coelenterates, bury themselves 
at a depth that the polyps of the coelenterate could reach 
the surface while feeding and could quickly retract into 
the sediment if disturbed. 

Hyalina avena (Kiener, 1834) was found regularly 
under rocks and in coral reef rubble in 60cm to 2m 
depths. The small gastropod is also encountered in the 
thickets of algal growth covering rocks and boulders at 
these depths. The individuals of this species live on mol- 
lusks, such as minute gastropods and bivalves, which, quite 
similar as in Oliva reticularis, are enveloped by the poste- 
rior part of the foot before being eaten. With small bi- 
valves Hyalina avena can be successfully fed in the aquari- 
um and can be held in quite small spaces if seawater can 
pass freely through them. 

Conus mus Hwass, 1792 settles within the tidal range on 
all rocky cliffs and boulder-strewn beaches with surf action 
of different strength. It is not found in depths below 2m. 
Some exposure to air is tolerated, but individuals of this 
species are usually hidden in wet, sun-protected crevices if 
the environment becomes dry during low tides. On cliffs 
with strong surf, C. mus avoids open rock surfaces and re- 
mains hidden in protected crevices and the depressions 
carved out by sea urchins. Here they hunt for annelids. 
Individuals can climb from protruding rock projections on 
their own mucus down through free water to new hold- 
fasts. 

Conus regius Gmelin, 1791 is restricted in its occurrence 
to coral reefs or similar reef structures, as, for example, the 
beach rock bar protecting the lagoon of the bay of Are- 
cifes. In both reefs the undersides of rocks and living and 
dead corals in the shelter of the breakwater are the pre- 
ferred habitats. In the bay of Chengue and the bay of 
Cinto, individuals occupy the large cavities under semi- 
spherical coral colonies occurring in 2 - 3m deep water 
directly behind the reef and just in front of the lagoonal 
sea-grass bottom. Here the animals may be found mostly 
half buried in the sand forming the base of these cavities; 
they seem to attach themselves to the roof of the hollow 
only when secreting egg-capsules. The same type of habitat 
is preferred by individuals of this species found close to the 
Carmabi on Curagao. It is probable that C. regius feeds 
on annelids although it was never observed feeding even 
though maintained over long periods of time in the aqua- 
ria. 

Conus jaspideus pygmaeus Reeve, 1844 is the most 
common species of the genus found in the area of Santa 


Marta. All muddy and sandy bottoms from 0 to 30m 
of depth are inhabited by individuals of this species, often 
in rich populations. Only shifting bottoms with much cur- 
rent action are avoided. The occurrence extends some- 
what into warm and saline waters as found, for example, 
in the lagoon of the bay of Chengue. Brackish water is 
avoided. Conus jaspideus pygmacus usually remains hid- 
den in the sediment during sunny daylight, but will search 
for food when clouds cover the sky, at dawn, and at night. 
Their food consists of annelids. Locomotion in this species 
is rather rapid in comparison with the other members of 
the genus Conus mentioned here. Individuals living in 
mud differ from those living in sand by possessing a thick, 
light brown periostracum hiding the grey shell with purp- 
lish dots. When in search for food, the animals crawl on 
the broad foot on the surface of the sediment. If an ani- 
mal wants to hide it dips into the sediment by quick, strong 
forward motions and is buried within 5 to 10 seconds. 

Conus largillierti Kiener, 1848 was only rarely found on 
sand in depths below 6m, in the bay of Santa Marta. 
Individuals of this species can be dredged more regularly 
from muddy bottoms in deeper water (10- 12m) off the 
airport of Santa Marta. Rudo von Cosel found C. largil- 
lerti in the Gulf of Uraba in a depth of 50m. Even though 
the animals were kept in aquaria for months, nothing can 
be reported about their feeding habits. It seems probable 
that they will also feed on annelids. 

Conus ermineus Born, 1778 lives in a large variety of 
environments, but is quite rare everywhere. Few individu- 
als were collected on sandy bottom in the bay of Santa 
Marta in water deeper than 6m. Others were found to- 
gether with C’. regius under corals and large coral frag- 
ments behind the coral reefs in the bays of Chengue and 
Cinto in depths of about 2m. On Curagao individuals 
may be encountered hidden under living and dead corals 
within the coral zone in depths of 2 to 30m. Usually they 
are found half-buried in sand in the shelter of a cavity 
and only capsule-secreting females along with copulating 
males were seen on the undersides of living and dead 
corals. It may be that individuals of this large species feed 
on fish, but this could not be observed in the aquarium 
where individuals were kept for months. 

Terebra cinerea (Born, 1778) is restricted in its occur- 
rence to a very specialized environment in the area of 
Santa Marta. Representatives of this species were found 
buried in sand within the splash zone to $m below it. But 
only such parts of the beach were inhabited where fresh 
or brackish water, originating in ponds behind the beach, 
would penetrate. These ponds are fed by creeks or small 
rivers. Terebra cinerea uses the surf to change its location 
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on the beach. It comes to the surface of the sand and is 
here picked up by the surf. The animals thus washed up 
by a wave take hold with their oval to round, flat, spade- 
like foot in the sand at the point where the wave starts to 
recede. This quick anchoring by the propodium is suffici- 
ently strong to hold the animal at this locality, while its 
shell is turned, pointing upward or downward the slope of 
the beach with each coming or going wave. Usually 1 or 
2 waves are resisted in this way, then the animal has pulled 
itself into the sediment in a vertical position. It moves into 
the sand until the tip of the apex disappears. Inside the 
sand the animal continues its locomotion until it has found 
a position parallel with the surface of the substrate. Near 
Santa Marta, a large population is found in the bay of 
Naguange. Here, at the southern end of this large bay, a 
creek coming from the mountains and flowing all year, 
sinks through the beach sand. This beach is only settled 
by T. cinerea where this creek ends and further south 
where a brackish water creek sinks through it. Between 
both localities the sand is composed of particles of the same 
grainsize and the beach shows the same surf conditions 
but is not inhabited by individuals of this species. At the 
bay of Villa Concha another, much smaller population is 
found at the southern end of the beach where brackish 
water is pooled up behind it. A maximum density of 
about 10 animals per square meter of beach surface is en- 
countered at the Naguange. Marcus & Marcus (1959) 
described T: cinerea in detail and have found remains of 
an annelid in its intestines. Food, therefore, must consist 
of annelids which inhabit the beachsand in especially 
dense populations where outflowing fresh water provides 
nourishment in abundance. 

Drilha soda C. B. Adams, 1830 lives on and mostly 
under rocks below the ICAL and among coral rubble 
in the Chengue bay in depths of 4 to 2 m. Individ- 
uals of this species were kept in the aquarium for a long 
time, but they were never observed feeding. According to 
their feces, which are usually organic and only shed at 
long time intervals (BANDEL, 1974b) they must feed on 
soft animal prey, but are not attracted by fresh fish meat. 

Crassispira sp. is found in silty and sandy bottoms from 
just below turbulent water down to over 15m depth, all 
around Santa Marta. Especially rich populations were en- 
countered just offshore of the beach of the bay of Taganga 
where subsurface groundwater comes up and additional 
food to all sorts of scavengers is provided by fishermen of 
this village. Crassispira most probably lives on worms in- 
habiting muddy and sandy substrates. The snail is mostly 
hidden within the substrate. 


DESCRIPTION 


Oliva reticularis Lamarck, 1810 
Figures 3A 3B, 3C 


Two egg masses of Oliva reticularis were found in June, 
1971 in aquaria where well fed animals were held for 
some time. 

An egg mass has the shape of a hollow tube, 4cm long 
and 1.3cm in diameter, the walls consisting of about 200 
flat, scale-like capsules with their escape apertures point- 


Figure 3 
Egg mass of Oliva reticularis 


A. general view of the whole egg capsule tube (scale = 1 cm) 


B. single capsule seen from the inside of the tube (scale = 1 mm) 
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C. single capsule seen from the outside of the tube (scale = 1 mm) 


ing toward the inside of the tube. One end of the tube is 
closed and there the oldest capsules, secreted first, are 
located. The ones near the open end, therefore, were se- 
creted last. The tube is halfburied in the sand, with the 
internal lumen unfilled. 

A single capsule shows a completely smooth outside 
which corresponds to the curvature of the whole tube, is 
consequently slightly convex. Toward the inside of the 
egg mass the capsule wall is slightly concave and carries 
an oval escape aperture in its center; this is surrounded by 
a thickened ridge. The membrane of the escape aperture 
is transparent, colorless, and delicately striped like the 
section of an onion. The long axis of the membrane is 
accompanied by a suture that continues across the capsule 
sides which are covered by a fine net of wrinkles similar to 
a fingerprint. The flat capsule is surrounded on its narrow 
sides by a rim, which is used at one side of the egg mass as 
attachment to an older capsule. This is done in such a way 
that the younger capsule is attached with its rim from the 
inside to the rim of the older capsule. Thus the scaly ap- 
pearance of the egg mass is produced. Seen from the 
outside, the older capsules overlap the younger. The rim 
is transparent and colorless, while the capsule walls are 
slightly opaque. One capsule is about 4mm wide and 34 
mm long, and of minute height. The long axis is parallel 
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to the long axis of the egg mass tube. Embryos are yellow- 
ish white at first, change to brownish yellow to light brown 
and hatch as red-brown veligers. All eggs develop into 
veligers, the shell of which is sculptured. Each capsule 
contains 150 - 200 embryos. 


Olivella perplexa Olsson, 1956 
(Figure 4) 


Egg-capsules produced by Olivella perplexa were found 
in great numbers attached to the shells of other living pro- 
sobranchs (mostly Conus jaspideus pygmaeus) in the 
muddy sediment of the northern extension of the bay of 
Chengue. Up to 7 capsules of different ages were found on 
single shells, 


Figure 4 


Egg capsule of Olivella perplexa seen from above 


(scale = 1 mm) 


The egg capsule consists of a transparent, colorless hemi- 
sphere, broadest at the base. It is affixed to the substrate 
by a round basal membrane extending only into a small 
rim beyond the capsule walls. The cupola is differentiated 
into a lower part with smooth walls, and an upper cover 
sculptured with delicate concentric striae. Both parts are 
separated from each other by a sharp groove. In addition, 
the capsule is differentiated into 2 equal halves by a 
vertical suture which is clearly visible only on the upper 
cupola. The one white egg develops in more than 8 days 
into a crawling young resembling the adult in its shape. 
Before it can hatch from the 14mm wide and almost as 
high capsule, the whole upper cupola is thrown off. It 
does not dissolve as a whole but only the narrow rim of it, 
situated in the groove separating upper and lower part 
of the capsule, dissolves. 
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Vexillum puella (Reeve, 1845) 
(Figure 5) 


The spawn of Vexillum puella was found only in aquaria, 
produced by individuals held in captivity. Due to their 
small size they might easily have been overlooked in the 
sea, but were produced all year round in the aquarium. 
The female requires about 30 minutes for the secretion of 
one capsule. After the round, soft capsule has passed down 
the foot in a fold and has been sucked into the capsule 
gland, a motion of the capsule fluid is noted for a few 
minutes, after which the soft “egg-drop” remains invisible 
until the gland has loosened itself from it, revealing a 
hardened and durable capsule in its final shape. 


Figure 5 


Egg capsule of Vexillum puella seen from above 


(scale = 1 mm) 


The capsules were affixed to the walls of the aquarium 
and to the leaves of Sargassum in irregular groups or 
singly. 

Each capsule is cupola-shaped and consists of an outer 
smooth wall ending on the basal membrane which extends 
in an irregular rim beyond this outer wall. Inside, held by 
this cupola, lies a lens-shaped body containing 25 - 28 
embryos. The outer cupola is transparent and colorless, 
the inner lens-shaped cover has a slightly opaque wall. In 
dimension, the oothecae are 2mm wide, about 1.2mm high, 
and have a round outline. The embryos are white at the 
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beginning and are arranged in a ring, leaving some open 
space near the rim and in the center. Later in develop- 
ment the embryos change color to brown because of the 
color of the developing shell. After 8 to 10 days of devel- 
opment an escape aperture appears in the central part 
of the cupola. Its oval shape was not visible earlier. 


Voluta virescens (Lightfoot, 1786] 
(Figure 6) 


Egg capsules of Voluta virescens were dredged on the 14" 
of October, 1971 from the muddy bottom offshore from 
the airport at Santa Marta in depths of from 10 to 12m. 
On the 8" of August, 1971, Rudo von Cosel found eggcases 
south of Punta Broqueles. 

The capsules were attached to dead shells of bivalves 
or to the spawn ribbons of Melongena melongena (see 
BANDEL, in press). Each capsule is attached singly, but up 
to 6 capsules of about the same stage of development 
could be found on one Melongena eggmass. Here the flat 
capsule sides of this buccinacean spawn are used for at- 
tachment. On a single clam shell up to 2 capsules of Voluta 
were found. 

Each ootheca is a shallow cupola with a round shape 
in outline, attached to the substrate by a clear, colorless, 
smooth, basal membrane extending only as a narrow rim 
beyond the walls. The walls are smooth and transparent 
except for a fine-grained, slightly opaque structure. The 
escape aperture is situated in an eccentric position; it 
is surrounded by a ridge and closed by a membrane that is 
more opaque than the remaining capsule. This membrane 


H 


Figure 6 
Egg capsule of Voluta virescens seen from above 


(scale = 1 mm) 
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is divided into 2 unequal halves by a curving suture which 
continues along the capsule sides to the rim of the basal 
membrane as a thickened ridge. Each capsule measures 
about 1 cm in diameter and 3mm in height. At the begin- 
ning of their development about 200 eggs are concentrated 
in an irregular rod in the center of the capsule interior. 
Only 1 or 2 embryos will develop and devour all other 
eggs during their development. After 38 days the young 
hatch as miniature adult-like snails. 


Hyalina avena (Kiener, 1834) 
(Figure 7) 


Capsules produced by Hyalina avena could only be found 
attached to bivalve shells in the aquarium. Due to their 
small size they are easily overlooked in the open sea. 


| 


Figure 7 
Egg capsule of Hyalina avena seen from the side 
(scale = 1 mm) 


The cupola-shaped capsule has an oval outline; it is at- 
tached to the substrate by a basal membrane which does 
not extend over the capsule walls. The cupola is divided 
into 2 parts which are separated from each other by a 
thickened line in the lower part of the cupola. A weak, 
sinuated suture divides the capsule vertically into 2 halves. 
The capsule wall shows an internal granulation and a 
smooth surface. 

About 5 embryos take up only little of the intracapsular 
space at the beginning of their development, but later fill 
the entire interior. When they are ready to hatch, the 
whole lid of the capsule falls off along the line near the 
basal walls of the cupola. Crawling young with a whitish 
shell finally leave the 1.3mm long and 1.0mm wide cap- 
sule which is about 4mm high. 
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Conus mus Hwass, 1792 
(Figures 8A, 8B) 
Spawn was observed in the sea at 4 to 1 m depth, fixed to 


the underside of rocks below the ICAL and in waters 
shallower than 4m fixed to large coral fragments in la- 


A, seen with its concave side 


B. seen with its convex side 


Figure 8 
Egg capsule of Conus mus 
(scale = 1 mm) 
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goons protected by coral reefs or coral patch growths in 
the bay of Chengue. East and west of the Carmabi Insti- 
tute on Curacao spawn of this species can be found in 
large numbers on the underside of rubble in tide pools and 
shallow water. 

Animals did not spawn in captivity. 

The capsules of an egg mass are arranged in the pattern 
of a row, convex side of one capsule following the concave 
side of its neighbor. Up to 17 capsules are secreted by 
one female. Usually a number of females spawn at the 
same time in the same locality. Each capsule is attached 
to the substrate by a firm, broad basal membrane. 

Neighboring basal membranes of capsules arranged in 
rows overlap each other at their rims, thus forming a com- 
mon base of attachment for each spawn mass. Each flat- 
tened, tongue-shaped, opaque white capsule has a some- 
what vertically convex upper side and an almost smooth 
concave lower side. Its apical plate is tilted toward the 
lower side and bordered by 2 wing-like folds carrying a 
ridge each. The ridges continue into the thickened, lamel- 
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lar rims surrounding the narrow, oval escape aperture. A 
thin, transparent membrane closes the escape aperture. 
Two sutures extend from the narrow ends of the escape 
aperture down both narrow sides toward the basal mem- 
brane. Each suture is accompanied by small wrinkles in 
the basal part of the capsule. In the upper part 3-5 
lateral ridges follow it, ending in the wing-like folds. Each 
capsule stands on a solid peduncle somewhat displaced 
laterally. It contains 500-700 embryos which hatch as 
small veligers after 8 - 12 days of development. A capsule 
is up to 7mm high, at the base 5 and at the top 24mm 
wide, and 4mm thick. The colorless veliger carries a sculp- 
tured shell. 


Conus regius Gmelin, 1791 
(Figure 9A, 9B) 


Spawning females were found between June and August 
1971 under flat Acropora fragments and hollow hemi- 


Figure 9 
Egg capsule of Conus regius 
(scale = 1 mm) 


A. seen with its concave side 


B. seen with its convex side 
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spherical coral colonies behind the southern coral reef of 
the bay of Chengue. In July 1971, spawning females were 
found in similar environments close to the Carmabi on 
Curacao. 

The spawn consists of rows of capsules. These count 4 
to 10 capsules and 4 to 10 rows constitute one egg mass 
exhibiting the same pattern, one beside the other. Thus, 
each female secretes up to 42 capsules. Often a few 
females (up to 5 were observed) were found spawning 
simultaneously at the same locality. In a row, the concave 
capsule side is followed by the convex side of its neighbor 
and thus all escape apertures within one spawn mass point 
in the same direction. The shape of the capsules corre- 
sponds in most details to that described for individuals 
found in Florida (D’Asaro, 1970). The flattened, roughly 
rectangular, opaque white capsules are wrinkled unevenly 
on all sides, somewhat more so on the convex side. The 
peduncle is displaced laterally. The escape aperture is 
closed by a transparent membrane and covers the entire 
apical region. Capsules are 11mm high, 7mm wide and 
14mm thick, which means that they are smaller than those 
described by D’Asaro from Florida. All 100 to 200 eggs, 
which are white at first, develop and hatch after 10 days 
as transparent, colorless veligers with sculptured shells. 


Conus jaspideus pygmaeus Reeve, 1844 
(Figures 10A, 10B) 


Spawn of Conus jaspideus pygmaeus could be found 
throughout the yearon empty bivalve shells and other hard 
substrates on soft bottoms in the sea around Santa Marta. 

Animals held in the aquarium produced spawn in great 
quantities. Often up to 7 females secreted capsules at the 
same time to the walls of an aquarium, 5 of them con- 
structing one common egg mass. Each female produces an 
egg mass consisting of about 15 capsules. It was possible to 
observe the spawning activities in detail. The drop-like, 
soft capsule containing the eggs appears on the side of the 
foot bordering the mantle cavity. It is moved forward on 
the epithelium of the foot, either well visible on the surface 
or invisible in a fold continuous to the capsule gland. This 
gland is situated in the central part of the anterior foot 
sole. The soft egg capsule is sucked into the capsule gland 
and moved up and down inside it for 2 to 4 minutes. This 
motion becomes increasingly slower. After 6 to 17 minutes 
the gland is removed from the now hardened capsule 
which has assumed its final shape. A new soft capsule drop 
is passed down from the mantle cavity after the foot has 
moved to a new spot about 6 minutes after the previous 
capsule has been finished. 
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Figure 10 


Egg capsule of Conus jaspideus pygmaeus 


A. seen with its narrow side 
B. seen with its broad side 


(scale = 1 mm) 


Little orientation of the egg capsules in one egg mass is 
developed, but if rows are viewed, the strongly convex side 
of one capsule follows the weakly convex side of the next. 
The basal membranes of neighboring capsules in an egg 
mass are usually fused together with their rims. Each 
peduncle of the vasiform capsules is solid and round in 
cross section, and fixed to it laterally displaced. Symmetry 
of the capsules is bilateral with one slightly concave or 
convex side and another strongly convex side, separated 
from each other by a narrow ridge which can be traced 
onto the basal membrane. Each capsule consists of 2 well 
differentiated layers, the outer one smooth, colorless and 
transparent, and the inner one radially striped, opaque. 
The outer wall is fused with the peduncle and the basal 
membrane, and shows one larger and one smaller pro- 
trusion on each side of the narrow apical plate. The inner 
wall is more rounded, extends only a short way into the 
apical protrusions and not at all into the foot. The apical 
plate is narrow and of oval shape, and completely taken up 
by the escape aperture. Where the inner and outer walls 
fuse, a ridge is formed, surrounding the clearly transparent 
membrane that closes the escape aperture. This membrane 
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dissolves after about 18 days when the embryos are ready 
to hatch. All 9-21 embryos hatch as crawling young. 
The dimensions of the capsule are: 6mm high, 3mm 
wide, 24mm thick. Eggs are yellowish white at first and 
the hatching embryos are white. 


Conus largillierti Kiener, 1848 
(Figures 11A, 11B) 


Spawn of Conus largillierti has been dredged up from 
soft bottom in the NW-part of the Gulf of Uraba between 
Isla Napu and Terron de Azucar by Rudo von Cosel. The 
eggs had been deposited on the shells of dead bivalves. A 
freshly caught female deposited 3 capsules on the wall of 
an aquarium on 13 April 1971. A female held for some 
time in an aquarium by von Cosel attached an egg mass 
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of 44 capsules on 26 April 1971. This egg mass consisted of 
4 layers, and the lowest layer was attached to the under- 
side of a rock forming the roof of a small cave in the 
aquarium. 

Each capsule is attached to the substrate or the under- 
lying capsule by a basal membrane. The rims of these 
membranes in neighboring capsules of one row are fused 
to each other. In each row the capsules are arranged in 
such a way that all escape apertures point in the same 
direction. Within one egg mass, all rows are directed the 
same way as well as those attached on top of them. 

The shape of each capsule of Conus largillierti is very 
similar to that described by D’Asaro (1970a) for C. spu- 
rius atlanticus Clench, 1942. Each flattened, tongue-shaped 
capsule has a wrinkled and a smooth side. The whole 
capsule stands on the substrate inclined, the smooth side 
closer to the substrate than the wrinkled side. The wrinkles 


Figure 11 


Egg capsule of Conus largilliert: 


A. seen with its concave side 


B, seen with its convex side 


(scale = 1 mm) 


is 
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show a vertical direction but are, if viewed in detail, rather 
irregular in their course. The apical region has a large 
oval escape aperture which is closed by a transparent 
membrane, while the remainder of the capsule is opaque 
white. All apical plates are tilted toward the smooth side. 
A suture dividing the capsule into 2 unequal halves fol- 
lows the narrow sides of the capsule, is only faintly visible 
and crosses the membrane of the escape aperture along 
its longest axis. After more than 10 days of development, 
all 20 to 40 embryos contained within one capsule hatch 
through the dissolved escape aperture membrane as veli- 
concha, being able to crawl and to swim. Capsule dimen- 
sions are: up to 7mm wide, up to 12mm high, and about 
14mm thick. 


Conus ermineus Born, 1778 
(Figures 12A, 12B) 


Spawn of Conus ermineus was attached to the underside 
of living hemispherical coral colonies in the shelter of the 
coral reef of Chengue bay. Here the capsules of C. regius 
are also found, though much more commonly than those 
of C. ermineus. Spawning females were collected as they 
were in the act of secreting their spawn. Egg cases of this 
species were also found near the Carmabi in Curacao, at- 


Figure 12 


Egg capsule of Conus ermineus 


(scale = 1 cm) 


A, seen with its concave side 
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tached to the lower side of living and dead stone corals. 
The general shape of the capsules is very similar to that 
of C. regius. Capsules are arranged in rows. Each capsule 
is attached, somewhat inclined, to a basal membrane. The 
edges of these membranes are fused to each other within 
the rows of capsules, 


B. seen with its convex side 


The flattened, roughly rectangular, opaque white cap- 
sules are wider at the base than near the top. The side of 
the capsules furthest away from the substrate is trans- 
versely wrinkled. The wrinkles continue into undulations 
on the narrow capsule sides and disappear near the edge of 
the capsule closest to the substrate. The escape aperture 
occupies the entire narrow apical region and is closed 
by a clear, transparent membrane. A curved ridge extends 
down the smooth capsule side from each narrow end of the 
escape aperture. 

About 500 white eggs will all develop into veligers which 
hatch after more than 10 days. Average dimensions of the 
capsules are: 20mm high, 14mm wide, and 14mm thick. 


Terebra cinerea (Born, 1778) 


(Figures 13A, 13B) 


Animals kept in the aquarium produced some egg capsules 
right after they had been collected in the bay of Naguan- 
ge. These capsules were attached to the shells of a bi- 
valve of the genus Isognomon. 


Page 188 


The egg mass shows no pattern; each capsule is cupola- 
shaped. The basal membrane, which fixes the capsule to 
the substrate, extends into a broad rim much beyond the 


Figure 13 
Egg capsule of Terebra cinerea 


B. detail of the rim 


A. seen from above 
(scale = 1 mm) 


capsule walls and has very fine concentric lines. Sand 
grains may be incorporated into the surface of the basal 
membrane at the edges of the rim. The escape aperture 
is large, extending from the basal part of the cupola al- 
most to its top. A suture, invisible on the membrane which 
closes the escape aperture, but well visible from the end 
of the oval aperture down to the basal membrane, divides 
the capsule into 2 unequal parts. The cupola, besides wart- 
like granules, possesses fine lines following the general 
shape of the escape aperture. The latter is surrounded by a 
thickened ribbon with transverse ridges. Very fine trans- 
verse lines may also be noted on the clear, colorless mem- 
brane of the escape aperture. 
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The slightly opaque capsules measure 3.2mm in length, 
3.0mm in width and 1mm in height. Each capsule con- 
tains 2 embryos, which hatch after 30 days development 
as crawling young. 


Drillia solida C. B. Adams, 1830 
(Figure 14) 


Animals kept in the aquarium produced spawn, consisting 
of a few cupola-shaped capsules in January and June, 
1971. These capsules were attached without any definite 
pattern to the wall of the aquarium. 

The capsules were attached by a large basal membrane 
extending beyond the cupola in a wide, irregularly bor- 
dered rim. The cupola is low and evenly formed with a 
central round to slightly oval escape aperture. The cap- 


Figure 14 
Egg capsule of Clathrodrillia solida seen from above 
(scale = 1 mm) 


sule is differentiated into 2 equal halves by a suture that 
indistinctly crosses the membrane which closes the escape 
aperture; the suture extends into the rim of the basal 
membrane as a strong ridge on the capsule walls. The cu- 
pola is sculptured by a number of irregularly dispersed 
wrinkles crossing each other. They extend halfway onto 
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the rim of the basal membrane and end in the ridge sur- 
rounding the escape aperture. This ridge has concentric 
lines. The colorless membrane of the escape aperture also 
has concentric lines which produce a pattern resembling 
a cut onion. Aside from this and the basal membrane, 
which are colorless and transparent, the walls of the cap- 
sule are opaque. 

Each capsule has an almost round outline, is about 4mm 
wide and 1 mm high. All 2 - 7 whitish embryos develop in 
14 days into light brown veligers. 


Crassispira sp. 


(Figure 15) 


Where individuals of Crassispira sp. were commonly 
found, as for example just offshore in the bay of Taganga, 
wood fragments, small pebbles and living and dead mol- 
lusk shells often were covered with cupola-shaped cap- 
sules. Hard substrates are rare in the normal living-envi- 
ronment of this species so that the few found are fre- 
quently used to attach the spawn. The basal membrane 
extends into a rim with a fine concentric wrinkle-sculpture 
on it. The shallow cupola has an escape aperture closed by 
a Clear, colorless membrane in its center. The escape aper- 
ture is surrounded by a ridge with transverse lines as seen 
on capsules of Terebra cinerea. A suture crossing the cupo- 
la and the membrane of the escape aperture divides the 
capsule into 2 not quite equal halves. The whitish, opaque 
walls are delicately wrinkled by numerous small wrinkles 
very much like a finger print without concentric or radial 
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Egg capsule of Cvassispira sp. seen from above 
(scale = 1 mm) 


pattern. Only near the outer rim is found a more concent- 
ric arrangement. 

Each capsule is about 14mm wide, somewhat oval in 
outline, and quite low. Two to 5 eggs develop and hatch 
as crawling young. 


DISCUSSION 


Among the 13 species of higher Neogastropoda described 
here, 4 groups of capsule morphologies can be distin- 
guished, some of which show close relation to groups dif- 
ferentiated within the Muricacea and Buccinacea (BaN- 
DEL, 1975a, 1975b, in press), while others are quite dis- 
tinct. 


1. Group of Oliva reticularis 


The egg mass of Oliva reticularis is quite different from 
any prosobranch egg mass so far known. No other species 
known produces a tube consisting of flat, scale-like cap- 
sules attached to each other from the inside of it. The egg 
mass can therefore be buried within the substrate, like 
the female that produces the egg mass, as long as the inner 
cavity of the tube remains open to seawater. The escape 
apertures of all capsules point toward the inside of the 
tube so that the hatching veligers can leave the egg mass 
through the inner cavity of the tube. Females were not 
observed guarding the egg tube, but capsule production 
by a female seems to be very slow. Therefore, the oldest 
capsules near the closed end of the tube are already well 
developed when the youngest capsules are deposited near 
the rim of the tube aperture. This rim extends above the 
surface of the sediment when the female leaves the spawn 
after the end of secretion. It does not guard the spawn as 
described by BaNDEL (1975d, in press), D’Asaro (1969), 
and Howarp (1962) for different members of the Ton- 
nacea. 

The closely related Oliva sayana Ravenel, 1834, kept in 
the aquarium in Florida produced spherical egg capsules 
with 14 to 48 eggs each, released singly and unattached 
on the surface of the sand (D’Asaro, 1970a; Otsson & 
Crovo, 1968). 

Regarding the shape of a single capsule within an egg 
mass, the group of Oliva reticulata shows great similari- 
ties to the group of Terebra cinerea (below) or the 
groups of Colubraria swifti (Tryon, 1881) (BANDEL, 1975a, 
in press) or Drupa nodulosa C. B. Adams, 1845 (BANDEL, 
1975b, in press), characterized by shallow, cupola-shaped 
capsules that are attached by a wide basal membrane with 
its entire lower surface to a hard substrate, contrasting 
with O. reticularis. 
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2. Group of Olivella perplexa 


The capsules of the group of Olivella perplexa are charac- 
terized by hemispherical egg cases attached to the sub- 
strate by a basal membrane, round in outline. The cupola 
is differentiated into an upper lid and the lower capsule 
walls. At time of hatching the lid falls off as a whole, dis- 
solved from the remaining capsule wall by a thin separ- 
ating line. This differentiates this group from that of 
Terebra cinerea (below), where the membrane of the es- 
cape aperture does not fall off, but is dissolved. Similar es- 
cape aperture membranes are found in egg capsules with- 
in other prosobranch groups, 7. ¢., the Neritacea in general 
(AnprRews, 1935; KNupDSEN, 1950; LEBour, 1945; THor- 
son, 1946; own observations) or Anachis obesa (C. B. 
Adams, 1845) (BaNnpeEt, 1974a). 

In Olivella perplexa the upper lid is situated on top of 
well developed capsule sides and makes up only the apical 
region of a capsule cupola. Similar capsules are produced 
by O. pusilla (Marrat, 1871) (Perry «& SCHWENGEL, 
1955) and O. mutica (Say, 1822) (Pane, 1962). Mar- 
ginella marginata Born (KNUDSEN, 1950), M. eveleighi 
Tomlin « Shackleford, 1913 (KNupDsEN, op. cit.), M. 
everyi Petit (KNUDSEN, op. cit.) and Persicula persicula 
(Linnaeus, 1758) (KNUDSEN, op. cit.) also produce cap- 
sules of this general appearance. 

Other capsules of this group carry the line separating 
the lid from the side walls at the middle of the cupola. 
Here can be listed the sculptured capsules of Olivella ver- 
reauxti (Duclos, 1857) (Marcus & Marcus, 1955) and 


the smooth ones of O. fulgurata (A. Adams & Reeve) | 


(Amio, 1963). 

Lid rims situated close to the base of the cupola, leaving 
almost no walls beside the lid attached to the basal mem- 
brane, are found in Hyalina avena, Olivella biplicata 
(Sowerby, 1825) (Epwarps, 1968), Microvoluta margin- 
ata (Hutton, 1885) (PonpEr, 1972), Marginella adam- 
sonu Kiener (KNUDSEN, 1950), and Prunum apicinum 
Menke, 1828 (D’Asaro, 1970a). 

All of these capsules, excepting those of Hyalina avena, 
contain one egg each and most young hatch after meta- 
morphosis is completed, as crawling young, a few during 
metamorphosis as veliconcha (Oltvella verreauxi, O. bi- 
plicata) . 


3. Group of Terebra cinerea 


Capsules of the group of Terebra cinerea are attached to 
the substrate by a round basal membrane. On it rises a 
shallow cupola with an oval centric or excentric escape 
aperture closed by a membrane that dissolves before the 
young hatch. Within the Meso- and Neogastropoda this 
type of capsule is quite common, as, for example, in the 
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Rissoidae (FRETTER, 1948; FrETTER « GRAHAM, 1962; 
Lesour, 1934, 1936, 1937; THorson, 1946), in the Mu- 
ricacea (Amio, 1963; BANDEL, 1975b, in press; LeBour, 
1936; THorson, 1940, 1946), in the Buccinacea (Amio, 
1957, 1963; Banpex, 1974, 1975a, in press; Cowan, 1965; 
Fioroni & PortMaNnNn, 1968; Marcus « Marcus, 1962; 
THorson, 1935, 1940) and in the group of higher Neo- 
gastropoda discussed here. 

The simplest form is found in Vexillum puella with 
smooth capsules showing only the central oval escape aper- 
ture after its membrane has been dissolved just before the 
hatching of the young. Mitra ebenus Lamarck (FRANc, 
1942) produces capsules quite similar in shape to those of 
Vexillum puella, but here the escape aperture is well 
visible before hatching. 

The capsules of Voluta virescens are large and have a 
distinct escape aperture in an excentric position. Voluta 
musica Linnaeus, 1758 (Lamy, 1928; CLencH & TURNER, 
1970) has the same type of capsule as well as Narica 
cancellata Chemnitz (Rispec, 1935). But in contrast to 
the former, the latter contains many eggs which all hatch 
as veligers, while in Voluta only a few animals hatch, eat- 
ing during their development all of the numerous eggs 
originally present. 

Terebra cinerea and Drillia solida have watch-glass- 
like capsules with ornamentation on the walls and 
a sculptured escape membrane. While this membrane is 
excentrically situated in Terebra, it is centrally located in 
Drillia and Crassispira. This last type of capsule is 
rather commonly found in the Turridae. Such capsules 
with ornamentation of the walls are secreted by Philbertia 
purpurea Montagu (Franc, 1950), P gracilis Monta- 
gu (Fioront, 1966; FrETTER & GRAHAM, 1962; LEeBouR, 
1933, 1934). Capsules with smooth walls are produced by 
Bela trevelyana Turton (THorson, 1946), B. turricula 
Montagu (VESTERGAARD, 1935), Clavus japonicus Lischke, 
(Amio, 1963), Drillia crenularis Lamarck (THorRSON, op. 
cit.), Mangelia nebula Montagu (LeBour, 1934, 1937) 
and Philbertia linearis Montagu (THorson, op. cit.). 

Even though the shape of egg capsules within the Tur- 
ridae is the same, the sculpture of the walls shows many 
different patterns. As recent studies of my own on addi- 
tional capsule material of this group from the Mediter- 
ranean Sea have shown, most species can be differentia- 
ted from each other by the sculpture and size of the egg 
capsule alone. 


4. Group of Conus regius 


Members of the genus Conus produce egg capsules that 
are very much alike in shape and in the general pattern of 
the egg mass. All capsules have a flattened shape, stand 
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on a short peduncle and possess apical oval or slitlike es- 
cape apertures. 

Conus jaspideus pygmaeus has rounded and very smooth 
capsular shapes. The capsules of C. jaspideus Gmelin, 
1791 were described by PERRY & SCHWENGEL, 1955 from 
Florida in very general terms. They seem to be similar to 
C. jaspideus pygmaeus. Smooth capsules are described for 
C. vayssetianus Crosse (Pretir & RisBec, 1929). All other 
capsules have wrinkled sides quite similar to C. regius, C. 
mus, C. ermineus and C. largilliertt. Lepour (1945) fig- 
ured capsules of C. mus from Bermuda, but description 
and drawing (textfigure 31) can only place these capsules 
within the general Conus morphology. 

It seems as if most species of this genus produce cap- 
sules that can be differentiated from those of other species. 
Capsular morphology, therefore, could be of value in the 
difficult task to differentiate true Conus species from eco- 
logical and geographical races. 

Descriptions of Conus spawn of different species were 
published by Amio, 1963; D’Asaro, 1970a, 1970b; Franc, 
1942; KNupsEn, 1950; Koun, 1961la, 1961b; WoLFson, 
1969. A difference may also be noted in the shape of the 
whole egg mass as D’Asaro (1970a) reported. My own 
studies on Conus mediterraneus Hwass, 1792, from the 
Mediterranean Sea have shown that the form of the egg 
mass of this species depends very much on the age and size 
of the female producing it as well as on the size and con- 
sistency of the place of attachment. If the female is small, 
the size of the capsule is also small and one egg mass con- 
sists of few capsules. If the female is large, larger and more 
numerous capsules are the result. If the place for at- 
tachment of spawn is a narrow, restricted cavity under a 
rock, the egg mass may consist of more than one layer of 
capsules, one on top of the other. The same is the case if 
many females crowd into a large cavity, all secreting cap- 
sules at the same time. If large space for attachment is 
available and only one or a few females produce spawn 
at a time, egg masses are attached in loosely distributed, 
long, continuous rows in a single layer, not on top of each 
other. 

In addition to the 4 groups of capsule morphologies in 
the higher Neogastropoda discussed here, 4 additional 
groups could be differentiated based on the egg masses 
described in the literature. One could be grouped around 
a number of species of the genus Mitra with vasiform 
capsules (Catz, 1968; CerNoHorsky, 1970; D’Asaro, 
1970a; Lamy, 1928; OsTERGaarD, 1950; WoLFson, 1969), 
a second around the spawn of Harpa with peculiar rows 
of flattened capsules (Rispec, 1932), a third around 
Austromitra with capsules secreted into the outer epi- 
dermis of tunicates (PonDER, 1972) and a fourth with 
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Melo secreting honey-combed, glassy, cylindrical egg 
masses (Amio, 1963; HornELL, 1921; Lamy, 1928). 


DESCRIPTION OF Crassispira sp. 


Shell: Height up to 23mm, width up to 7mm; total of 
10 whorls; protoconch 14 whorls. Embryonic shell figured 
and described by BanpeEt (1975c: plt. 21, fig. 8; p. 86). 
At hatching translucent, later white shell with no sculp- 
ture except strong growth-lines. Aperture smooth, twice as 


Figure 16 
Section of the radula of Crassispira sp. redrawn from a scanning- 


electron micrograph (scale = 0.1 mm) 


Figure 17 
Shell of Crassispira sp. 


(scale = 1 cm) 
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high as wide. Embryonic shell 0.65mm high. Junction of 
protoconch to teleoconch distinct. Adult shell solid, fusi- 
form, white, pinkish-white, or dirty white in color. Ante- 
rior end short, truncated. Sculpture with a broad subsu- 
tural fold. Sinus moderately deep, U-shaped. Outer lip 
of adult individuals somewhat extended outwardly, with 
6 - 8 shallow denticles or ridges on its inner side. Thirteen 
to 16 axial ribs crossed by 17 - 20 spirally arranged threads 
on the last whorls. Ribs somewhat oblique to the long axis 


of the shell, extending onto the subsutural cord. Opercu- - 


lum small, dark dirty brown to almost black. 


Soft parts: Visible soft parts show a general opaque 
white coloration with numerous white spots of non-opaque 
pigment. On the side and base of the foot, as well as the 
base of the tentacles and the siphon, round red-brown 
pigment spots loosely distributed are found. Eyes large, 
tentacles short, siphon long. 


Radula: 0.2mm wide with 5 teeth in each row. Central 
tooth small, thorn-like with one central cusp. Lateral 
tooth crescentic with smooth, concave base, and blade 
with 17-19 denticles. All denticles of the lateral 
teeth narrow and pointed, central ones largest. Marginal 
teeth arrow-shaped, similar to teeth of Conus. In general 
outline bent like a sickle and of equal width from base to 
tip. Narrowly pointed and hooked at the top. 
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ERRATA 


In the paper by K. BanpEL, The Veliger vol. 18 on “Obser- 
vations on spawn, embryonic development, and ecology of 
some Caribbean lower Mesogastropoda” a species name 
was spelled in three different ways. On page 249 the name 
appears as Cingula babylonia and in the explanation to 
figure 18 on page 263 as Cingulum babylonia. The cor- 
rect name is Cingulina babylonia. The editor apologizes 
for having overlooked these discrepancies and the author 
apologizes for not having seen these errors in the manu- 
script and in the proofs. 
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INTRODUCTION 


A LARGE PERCENTAGE of the dorid nudibranchs are 
known to feed almost exclusively upon sponges (YOUNG, 
1970), and an excellent background discussion of their 
diet specificity is presented by THompson (1964). In some 
cases, such as Rostanga pulchra feeding on Ophlitaspon- 
gia pennata, the relationship is specific (Cook, 1962). In 
other cases the nudibranch is associated with closely re- 
lated sponges, as for example the preference of Rostanga 
rubicunda for the sponges Microciona coccinea, Ophlita- 
spongia seriata, and Holoplocamia neozelanicum (AYLING, 
1968). Similarly, closely related nudibranchs are associ- 
ated with the same species of cosmopolitan sponge. For 
example, 3 species of nudibranch, Archidorts monterey- 
ensis on the Pacific coast (Cook, op. cit.), A. tuberculata 
in the North Sea (Wo TER, 1967), and A. pseudoargus on 
the shores of Great Britain (THompPson, op. cit.) are at- 
tracted to and specifically feed on the cosmopolitan sponge 
Halichondria panicea. The adequacy of this specific diet 
for growth has been demonstrated by Carzroot (1967), 
who measured rapid growth of Archidoris feeding on 
Halichondria panicea. Cook (op. cit.) and AYLinG (op. 
cit.) have demonstrated that attraction of a nudibranch 
towards the sponge prey is chemical. 

During a seasonal study of the environmental influ- 
ences on growth and reproduction of a sponge population 
on the Central Oregon Coast (Ervin, 1976), a relation- 
ship between the purple sponge, Haliclona permollis, and 
the dorid nudibranch, Diaulula sandiegensis (Cooper, 
1863), became apparent. The keyhole limpet, Diodora 
aspera (Rathke, 1833), was also found to be a grazer on 
this sponge. Cook (1962) mentioned that the nudibranch 
and the purple sponge might be associated. However, 
Bertscu et al. (1972) in a 5-year survey of nudibranchs 
on the shores of San Mateo County, California, did not 


report such a relationship although Diaulula sandiegensis 
was very common and H. permollis occurs in that region. 
Marcus (1961) reported this nudibranch to range from 
San Diego to the Aleutian Islands and the stomachs of 
those from California to sometimes contain bits of kera- 
tose sponge. 

It is the purpose of this paper to document the relation- 
ship of Diaulula sandiegensis and the purple sponge, Hali- 
clona permollis, by presenting several quantitative aspects 
of the association and to establish the chemical attraction 
of the nudibranch to the sponge. The paper also reports 
on several growth and feeding observations. 


MATERIALS anp METHODS 


The study area was located on Yaquina Head on the Cent- 
ral Oregon Coast, and both field and laboratory observa- 
tions were carried out from March to July. The distance 
of every Diaulula encountered during low tide exposure 
from the nearest patch of Haliclona permollis was meas- 
ured. Stomach contents of 3 specimens each of 2 grazers, 
Diaulula sandiegensis and Diodora aspera, collected at 
random from the field, were examined and the amounts 
and type of sponge spicules noted. 

Chemotactic response towards sponges was tested using 
a glass variation of a Y-tube system (DAvENPorT, 1950) 
as shown in Figure 1. Both sides were supplied with sea 
water from the laboratory system taken from Yaquina 
Bay, and the reservoirs maintained a constant and equal 
current flow in each tube. The lower tubes were large 
enough to allow complete entry of the mollusks. Equal 
masses (3-5 cm?) of uninjured sponges were placed 
in one or both of the sample chambers. A total of 12 
nudibranchs 3-4cm in length were placed in the test 
tray heading into the convergence of the 2 sample cur- 
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Figure 1 


Apparatus for testing the response of nudibranchs to various water 
samples. A: laboratory sea water tap; B: main reservoir; C and 
C’: sample chambers with sponge; D: test tray with nudibranch 

in starting position. Arrows indicate direction of water flow 


rents. A particular specimen was used for as many as 3 
trials, Only nudibranchs starved for 1 or 2 days were found 
to be responsive. After each trial the tubes and glass tray 
were washed and the sponges switched to the other cham- 
ber. Three common sponges, Halichondria panicea, Hall- 
clona permollis, and an unidentified white species of Hali- 
clona from the intertidal region where the mollusks are 
found were used. 

Four types of responses by the mollusk were possible. If 
the nudibranch crawled up the tube with water from the 
chamber containing Haliclona permollis within 20 min- 
utes, the response was considered positive. Usually such a 
reaction occurred within a few minutes. If the mollusk 
crawled up the tube with water from a sponge other than 
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H. permollis, the response was recorded as “other.” A 
response of ‘“‘neither” was given if the nudibranch crawled 
around the tray for an hour without moving up either 
tube, and “negative” if the mollusk crawled over the side 
and out of the tray. 

From April 26 until July 9, observations of nudibranch 
feeding upon Haliclona permollis were carried out by 
leaving 8 specimens of Diaulula, ranging in size from 12 
mg to 1450mg in finger bowls containing an excess of 
sponge. At weekly intervals the nudibranchs were drained 
on damp towels and the damp-dry weight was measured 
to the nearest 1/10mg. Sea water temperature during 
this period corresponded to that in the field and ranged 
from 9.1° to 15.1°C. Samples of sponge and of nudi- 
branch feces were weighed after drying at 68° C and ash- 
ing at 580°C in a muffle furnace to obtain dry and ash 
weights, respectively (Paine, 1964). 
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RESULTS 


Examination of stomach contents revealed that most of 
the recognizable particulate material in the Diaulula 
stomach was siliceous spicules from Haliclona per- 
mollis rather than from the white haliclonid which grows 
in the same area. The Diodora stomach contained quite a 
heterogeneous mixture of particulates including sponge 
spicules of several species. 

Table 1 presents data supporting the association of Di- 
aulula and Haliclona permollis in the field. In most cases 
the nudibranch was found within 2cm of the sponge. In 


Table 1 


Association between two molluscan grazers and the 
sponge, Haliclona permollis,at low tide at 
Yaquina Head, Oregon. 


Grazer 

Distance from Diaulula Diadora 

nearest sponge sandiegensis aspera 
0 to 2.0cm 28 4 
2to 5cm — 4 
5 to 15cm 1 2 
15 to 30cm 4) 3 
more than 30cm 2 — 


12 feeding on a white Haliclonid 


contrast, Diodora, which is found in the same habitat, ap- 
pears to be less restricted to areas of the purple sponge. 
Two specimens of Diaulula were found on the white hali- 
clonid and these nudibranchs were of a much lighter 
color than the usual purple-tan background color of this 
species. 

The results of the chemotactic study are shown in Table 
2. There was no indication of a rheotactic response since 
the dorids never crawled up the tubes with only sea water 
currents. The mollusks were obviously able to distinguish 
between the water from the Haliclona permollis chamber 
and a control quite quickly, while their responses towards 
the water from other sponges were weakly positive. When 
given a choice between Halichondria panicea and Hali- 
clona permollis, the nudibranchs were able to distinguish 
the water from the purple sponge 50% of the time, but 
some confusion in their decision was evident. The presence 
of the white haliclonid in one chamber apparently nulli- 
fied any response towards the purple sponge. The 2 speci- 
mens of Diaulula found feeding on the white haliclonid in 
the field showed a positive response for this sponge, but 
none for Haliclona permollis. 

The measurements on the growth of young nudibranchs 
resulted in an average specific growth rate of 2.4% per 
day and ranged from 1.3 to 4.2%. The food, Haliclona 
permollis, was found to consist of about 45% oxidizable 
organic material per dry weight. A damp-dry sponge has 
the following composition: 85% water, 6% organics, and 
9% inorganic spicules. The feces of the nudibranch con- 
tained 16% dry weight of oxidizable organics. Calculation 


Behavior of Diaulula sandiegensis in the presence of sponges. 


Number 


Choice presented Individuals 


Ovs 0 
0 vs Haliclona permollis 
0 vs Halichondria panicea 


i ON 


0 vs Haliclona sp. (white) 
Haliclona sp. (white) 

vs Haliclona permollis (purple) 
Halichondria panicea vs. Haliclona permollis 
0 vs Haliclona permollis? 


Table 2 
Nudibranch Reaction 
Haliclona 
permollis Other Neither 
Trials (positive) sponge sponge Negative 
4 pes Be 4 = 
12 12 — — — 
7 = 2 4 1 
4 = 1 3 1 
4 be 4 = 
6 3 1 2 — 
2 = pes y) = 
2 = 9 at = 


ee PP 


0 vs Haliclona sp.? (white) 


2The nudibranchs used in these tests were found feeding on the white haliclonid in the field. 
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of the assimilation efficiency from the above data using 
the method of Conover (1966) gave a value of 77%. 
Microscopic examination of the feces showed that the 
remaining organic material was essentially the spongin 
which holds the spicule framework together. Under labor- 
atory conditions, adult nudibranchs in the size range of 
4cm were capable of consuming 1cm? of 24mm high 
Haliclona permollis per day. 


DISCUSSION 


The observations in this study verify that Diaulula sandieg- 
ensis and Haliclona permollis are associated in a close 
grazer-prey relationship and that H. permollis is the prin- 
cipal food of the nudibranch at Yaquina Head, Oregon. 
Most of the nudibranchs were found on or near the 
purple sponge, and the few that were found at further 
distances may have been displaced by rough surf. However, 
the mollusks are not completely restricted to H. permollis 
since 2 specimens were found feeding on the white hali- 
clonid. In well protected, shaded areas the white hali- 
clonid is frequently found growing next to the purple 
sponge and these sponges are undoubtedly competing for 
substrate in this microhabitat, but in exposed areas H. 
permollis is found alone or growing next to and over Hal- 
chondria panicea. 

Diaulula can distinguish between closely related species 
of sponges and certainly has a preference for Haliclona 
permollis, but it appears this preference may be influenced 
by other factors since those collected from the white 
haliclonid chose it over H. permollis during the chemotac- 
tic test. The function of such behavior in an environment 
filled with other chemical stimuli mixed by a rough surf 
is unclear. If the chemotactic response is used to locate 
food, then the immediate response noted in the labora- 
tory is of value, but the presence of other sponges appears 
to interfere with efficient location of the purple sponge. It 
may also act to keep the nudibranchs in the area of the 
sponge upon which they are grazing and whose tissues 
they efficiently convert to their own. However, since the 
chemotactic response was weak or lacking in well-fed 
specimens, such a purpose becomes questionable. 

The choices by Diaulula detected in this study would 
suggest specific dissolved or particulate attractants are 
released by the sponge. The construction of the apparatus 
is such that the probability of crawling up the tubes by 
chance is very small. There is some attraction for any 
sponge but it would not necessarily lead to feeding and 
therefore would be a mistake on the part of the mollusk. 
The amount of data is limited but it appears that species 
closely related, for example the 2 haliclonids, confuse the 
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nudibranch and it cannot locate the sponge. However, 
this does not explain why neither of the sponge waters 
was chosen. When more distant species are presented, 
such as Haliclona permollis and Halichondria panicea, the 
mollusk can make the “proper” choice although its ability 
to do so is impaired. Presumably these differences reflect 
chemical differences of the sponge species. The available 
studies have not emphasized this aspect of the problem. 
Wo Ter (1967) demonstrated positive reactions towards 
nonspecific substances such as starch, glycogen, glycerol, 
and albumin. Navoni (1972) used various irritants to 
test chemosensory abilities of several nudibranchs. He also 
found sea water extracts from their prey hydroids to pro- 
duce positive responses. 

Haliclona permollis serves as an adequate diet for the 
growth of Diaulula. A specific growth rate of 2.4% per 
day for the young specimens is similar to the 1.7% found 
by Careroor (1967) for Archidoris feeding on Halichond- 
ria panicea. The difference may be due to the percentage 
of organic material, 30% and 45% for Halichondria pani- 
cea and Haliclona permollis, respectively. Essentially all 
of the cellular material is removed from the sponge, and 
the spongin and spicules remain. The feeding rate of 1 
cm? per day for the 3 to 4cm adults yields about 15mg of 
organics or with 77% assimilation about 12mg of organics 
per day. This value is low compared to data for Archi- 
doris (CaREFOOT, op. cit.). It is possible that at certain 
times of the year the feeding rate is much higher. It should 
be recalled that this rate was determined in the laboratory 
where there is no interruption by tidal exposure and 
waves. 

The nudibranch feeding rate is also of consequence to 
the prey population. If the adults are feeding at the above 
rate or greater in the field, the sponge population would 
require a standing stock of 100cm? with a production rate 
of 1mm?/1cm?/day as previously found by Ervin (1976) 
to maintain itself against grazing. Although the population 
as a whole appears to be sufficient in size to withstand 
this grazing pressure, individual patches are rarely this 
large and the nudibranchs which frequently congregate 
probably do clear areas and must move to others. Quanti- 
tative data on the annual changes in both nudibranch and 
sponge densities will be required. 


SUMMARY 


1. At Yaquina Head, Oregon, the dorid nudibranch, 
Diaulula sandiegensis, is associated with the purple 
sponge, Haliclona permollis. 

2. Diaulula has a preference for Haliclona permollis and 
can locate it by chemotaxis. 
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3. The chemotactic response is influenced by the pres- 
ence of other sponges and the previous nutritive condi- 
tion of the mollusk. 

4, Haliclona permollis is an adequate food source for 
Diaulula and allows young individuals to grow at a 
rate of 24mg/g damp weight/day. 


ACKNOWLEDGMENTS 


This work is the result of research sponsored in part by 
the Oregon State University Sea Grant College Program, 
supported by NOAA Office of Sea Grant, Department of 
Commerce, under Grant # 04-3-158-4. The United States 
Government is authorized to produce and distribute re- 
prints for governmental purposes notwithstanding any 
copyright notation that may appear hereon. 


Literature Cited 


Ayuinec, A. M. 
1968. The feeding behavior of Rostanga rubicunda (Mollusca, Nudi- 
branchia). Tane 14: 25 - 42 


Bertscu, Hans, TERRENCE GosLiner, ROBERT WHARTON & 
Gary WILLIAMS 
1972. Natural history and occurrence of opisthobranch gastropods from 
(1 map) 
(1 January 1972) 


the open coast of San Mateo County, California. 
The Veliger 14 (3): 302-314 


THE VELIGER 


Vol. 19; No. 2 


Careroor, T. H. 
1967. Growth and nutrition of three species of opisthobranch mol- 
luscs. Journ, Comp. Biochem. Physiol. 21 (3): 627 - 652 
Conover, Rosert J. 
1966. Assimilation of organic matter by zooplankton. 
Ocean. 11: 338 - 345 
Coox, Emiry F 
1962. A study of food choices of two opisthobranchs, Rostanga pulch- 
ra MacFarland and Archidoris montereyensis (Cooper). The Veli- 
4 (4): 194-196; 4 text figs. (1 April 1962) 
Davenport, DEMAREST 
1950. Studies in the physiology of commensalism. 
81-93 
Exvin, Davip W. 
1976. Seasonal growth and reproduction of an intertidal sponge, Hali- 
clona permollis (Bowerbank). Biol. Bull., in press 
Marcus, ERNST 
1961. | Opisthobranch mollusks from California. 
(Supplmt. I): 1-85; plts. 1-10 
Navon1, Luciano 
1972. The chemical receptors in nudibranchs (Gastropoda, Opistho- 
branchia). Rev. Suisse Zool. 79 (4): 1333 - 1379 
PAINE, ROBERT TREAT 
1964. Ash and caloric determination of sponge and opisthobranch 
tissues. Ecology 45: 384 - 387 
THOMPSON, THOMAS EVERETT 
1964. Grazing and the life cycles of British nudibranchs. In: D. J. 
Crisp (ed.): Grazing in terrestrial and marine environments. Black- 
well, Oxford. pp. 275 - 297 
Woxter, Herma 
1967. Beitrage zur Biologie, Histologie und Sinnesphysiologie (insbe- 
sondere der Chemorezeption) einiger Nudibranchier (Mollusca, Opis- 
thobranchia) der Nordsee. Zeitschr. Morph. Okol. Tiere 60: 275 
to 337 
Younc, Davip KENNETH 
1970. The functional morphology of the feeding apparatus of some 
Indo-West-Pacific dorid nudibranchs. Malacologia 9: 421 - 446 
(20 July 1970) 


Limn. & 


Biol. Bull. 98: 


The Veliger $ 
(1 February 1961) 


Vol. 19; No. 2 


THE VELIGER 


Page 199 


Abundance, Substrate Angle, and Desiccation Resistance 


in Two Sympatric Species of Limpets 


LINDA S. COLLINS 


University of the Pacific, Pacific Marine Station, Dillon Beach, California 94929 ! 


(2 Text figures) 


INTRODUCTION 


Two common uimpzts, Collisella digitalis (Eschscholtz, 
1883) and C. scabra (Gould, 1846) have overlapping dist- 
ributions in the upper intertidal spray zone on rocky 
shores of the Northwest Pacific coast of North America. 
Haven (1971) found that C. digitalis is more abundant 
on vertical surfaces, while C. scabra dominates horizontal 
surfaces. He assumed this preference to be due to differ- 
ential abilities to withstand desiccation which presumably 
varies with rock angle and perhaps the angle of incident 
light. However, a variety of factors can affect rates of 
desiccation, including temperature, ambient humidity, 
and wind velocity (WoxcotT, 1973) as well as color, 
roughness, orientation of substrate and wave exposure. In 
this study I report field work demonstrating a high cor- 
relation between the abundance of C. digitalis and C. 
scabra and rock angle, and the results of laboratory meas- 
urements of angle of substrate and desiccation resistance 
of small and large members of the two species. The rela- 
tionship between size and angle in the field is also 
discussed. 

It has been argued that one of the chief limiting factors 
affecting distributions of rocky intertidal biota is desicca- 
tion. There is, however, little evidence for this (Davies, 
1969) and it remains to be demonstrated that physical 
conditions exceed physiological tolerances of the biota 
such that they are limiting (Wotcott, op. cit.). Extensive 
experimental evidence shows that population character- 
istics and abundances of intertidal organisms are strongly 
influenced by biological interactions (CoNNELL, 1972; 
Dayton, 1971, 1975; Paine, 1969). The significance of 
the results of this study is discussed with respect to allo- 
cation of space and food resources in competition between 
these two species of limpets. 


* Present address: Marine Biological Laboratory, Woods Hole, 
Massachusetts 02543 


ANGLE or SUBSTRATE anp ABUNDANCE 


f 


The relationship between the angle of slope of the sub- 
strate and the abundance of Collisella digitalis and C. 
scabra was measured on 17 intertidal rock habitats in 
Zone | (RickeTTs & Carvin, 1968) in a locality at Dillon 
Beach, California, U.S.A. Each rock was partitioned 
into quadrats using a 0.25m? grid. Grid corners were 
marked with paint at each sampling time. The entire sur- 
face of each rock was covered with as many quadrats as 
would fit. The angle of each quadrat was measured to the 
nearest degree using a Brunton pocket transit attached 
to a board placed flat on each quadrat. Every limpet on 
each quadrat was measured and counted in situ. Limpet 
lengths were measured to the nearest 0.5mm with vernier 
calipers. Counts and measurements were made at 4 to 6 
week intervals from April 1974 to May 1975. 
A significant relationship between abundance and angle 
was found when the logarithm of 
number of limpets per 0.252 + 1 
was plotted against angle at 5° increments for C. digitalis 
and C. scabra (Figure 1). Abundance declines linearly 
with angle for C. scabra while abundance increases linear- 
ly with angle for C. digitalis. These results support Ha- 
VEN’s (1971) findings that the abundances of C. scabra 
and C. digitalis vary on horizontal, intermediate, and 
vertical slopes. Haven, however, did not examine the re- 
lationship between abundance and angle for the 2 species 
at 5° degree angle increments. The results in Figure 1 are 
representative of the entire sampling period. 


ANGLE or SUBSTRATE anp SIZE 


Field measurements of the relationship of average length 
(mm) and angle are shown for Collisella digitalis and C. 
scabra in Figure 2. The results shown are mean lengths 
from size frequency distributions pooled over rocks and 
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May 1974 


((Number of Collisella digitalis per 0.25m?) +1) 


May 1974 


0 10 20 30 40 50 60 70 80 go 
Angle (Degrees) 


((Number of Collisella scabra per 0.25m?) +1) 


Figure 1 


Relationship of abundance of Collisella digitalis and Collisella 
scabra to angle of substrate. Abundance is expressed in terms of 
((numbers of limpets per 0.25m?) +1). The following equations 
are regressions fitted to abundance and angle data: 

Collisella scabra 


Y = -0.01X + 1.30 r = -0.79 p < 0.001 
Collisella digitalis 

Y= 0.01X+0.36 r= 0.74 p < 0.001 
Regressions are in the form Y=a+bX where 
Y = log (Y + 1) a=log A b = log B 


quadrats at 5° angle increments. Figure 2 is typical for 
10 of the 11 study months. There is a significant relation- 
ship between length of C. scabra and angle of substrate 
in the field. Average length declines linearly with angle. 
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Collisella scabra 


April 1974 


(mm) 


Length 


Collisella digitalis 
April 1974 


Average 
= 
a 
} 


© 10 20 30 40 50 60 70 80 go 
Angle (Degrees) 


Figure 2 


Relationship of average length (mm) of Collisella scabra and 
Collisella digitalis to angle of substrate. The following equations 
are regressions fitted to length and angle data: 

Collisella scabra 


Y = 12.2 + - 0.026% r = -0.69 0.01 > p > 0.001 
Collisella digitalis 
Y = 12.5 + -0.004X r = -0.07 0.50 < p < 0.90 


There is no significant relationship between length of C. 
digitalis and angle of substrate. These results do not agree 
with Haven (1971) who found C. digitalis largest on 
vertical surfaces. 


ANGLE or SUBSTRATE 
AND RATES or DESICCATION 


The relationship between resistance to desiccation and 
angle of the substrate of Collisella digitalis and C. scabra 
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was studied in experiments in which weight losses of lim- 
pets of different size placed on surfaces differing in angle 
in a desiccator were measured. These experiments test 
only the effect of an angle on desiccation. It is believed 
that the angle at which a limpet sits could affect the rate 
at which water escapes by passing between the shell and 
substrate. 

Limpets were collected from vertical rock surfaces. A 
few animals were captured from variable rock surfaces 
due to the absence of large Collisella scabra on vertical 
rocks. Only whole animals with intact shells were used in 
the experiment. The experimental animals were taken 
directly from the field or the water table (if kept over- 
night), placed in a plastic container with sea water and 
left to acclimatize for 15 minutes. Limpet length was 
measured to the nearest 0.5mm with vernier calipers. The 
size distributions of the limpets of both species used in the 
experiment were identical. 

Limpets were placed on microscope slides, set in small 
plastic dishes. Excess sea water from the shell was wiped 
off before the limpet was placed on the slide. The slides 
were oriented in 3 positions: 0° (horizontal), 45° (inter- 
mediate), and 90° (vertical). All limpets were initially 
oriented upwards on the 45° and 90° angle surfaces. Lim- 
pets were dried in a glass desiccator with dried calcium 
chloride serving as a desiccant. Weighings were made on a 
Mettler balance every hour for 5 hours. Humidities were 
measured with an Airguide Relative Humidity Indicator 
inserted into the desiccator. Humidity readings were made 
before the chamber was opened and after it was closed 
again during weighings. Relative humidity varied from 
5% to 48% in the experiments. Records of room humidi- 
ty, made by a sling psychrometer, varied from 57% to 
74%. At the end of the experiment, the limpets were taken 
to the aquaria in the water table and immersed in sea 
water to dislodge them from the microscope slides. Any 
dead limpets were recorded. 

Percent weight loss after 5 hours was calculated for 
each limpet as follows: 


%o wts = where 


wt: — wts 
wt 
Yo wts = percent weight loss after 5 hours of drying 
wt: = initial weight (g) of limpet 
wts = weight (g) of limpet after 5 hours in desiccator 
Three way analysis of variance was used to test % 
weight loss after 5 hours drying between species, angle and 
length of limpet (Table 1). The 2 size classes used were 
limpets between 7.0 and 10.0mm and limpets between 
12.5 and 15.5mm. There is a significant difference of % 
weight loss after 5 hours between angle (0.05>>p>0.025). 
There is no significant difference in drying rate between 
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Table 1 


Summary of calculations of analysis of variance for 
desiccation experiments testing percentage weight loss 
after 5 hours of small and large Collisella digitalis and 
Collisella scabra at three different angles of slope. 


Source of Degrees of Mean 
Variation freedom Square F 
Main Effects . 
A Angle 2 0.0046 3.833 1 
B Species 1 0.0006 0.500 ns 
C Size 1 0.0237 19.750 2 
First Order Interaction 
AXB 
(Angle X Species) 2 0.0011 0.917 ns 
AXC 
Angle X Size) 2 0.0031 2.583 ns 
BXC 
(Species X Size) 1 0 Ons 
Second Order Interaction 
AXBXC 
(Angle X Species X Size) 2 0.0024 2.00 ns 
Error within subgroups 48 0.0012 


10.05 > p > 0.025 significant 


2 p < 0.001 highly significant 
ns not significant 


species (0.50>p>0.25). There is a highly significant dif- 
ference in desiccation rate between the 2 size classes tested 
(p<0.001). First order interactions (between angle and 
species; between angle and size; and between species and 
size) are not significant (0.50>p>0.25; 0.10>p>0.05; 
p>0.75). There is no significant second order interaction 
(between angle, species and size) (0.25>p>0.10). 

Relationships between limpet size and weight loss are 
summarized in Table 2 for limpets between 7.0 and 17.0 
mm. Results show that there is a negative correlation be- 
tween % weight loss after 5 hours and length of limpet 
for Collisella scabra at 0° and 45° angles, and for C. digi- 
talis at 0° and 90° angles. Larger animals have a lesser % 
weight loss than smaller animals at these angles. There is 
no significant correlation between % weight loss after 5 
hours and size for C. scabra on 90° angles and C. digitalis 
on 45° angles, over the size range tested. Pooling angles 
for the 2 species tested results in a significant correlation 
between % weight loss after 5 hours and length. 

Field measurements show that average length of Collt- 
sella scabra declines linearly with angle. Large limpets 
would be expected on horizontal and intermediate sloped 
surfaces in the field if large animals experience less desic- 
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cation than small ones on these slopes. However, labora- 
tory experiments suggest that there is not a significant 
difference in % water loss between large and small C. 
scabra on 90° angle surfaces. Small limpets do not lose 
less water than large ones on 90° surfaces. Thus the pre- 
sence of small C. scabra on vertical surfaces in the field 
may not be explained by desiccation alone. 

There is no significant relationship between length of 
Collisella digitalis and angle of substrate in the field. 
Laboratory experiments show that large C. digitalis lose 
less water than small ones on horizontal and vertical sur- 
faces only. Large limpets would be expected on horizontal 
and vertical surfaces in the field if large animals experi- 
ence less desiccation than small ones on these slopes. 
This does not explain the presence of large C. digitalis on 
intermediate sloped surfaces in the field. 

It is concluded that the results of laboratory desiccation 
experiments do not alone explain the size distribution 
and abundance relationships found between the 2 species 
in the field. Differences in microalgal food selection be- 
tween Collisella digitalis and C. scabra on different angles 
of substrate were investigated as an explanation for field 
observation (manuscript in preparation). 


Table 2 


Summary of statistical analysis of regressions showing the 

relationship between percentage weight loss after 5 hours 

and length of limpet for Collisella digitalis and Collisella 
scabra at 3 different angles, and all angles combined. 


Species Regression 
and angle Equation r df p 
C. Scabra 
0 Y = 0:221 + —0:008x —0.42 18 < 0.05° 
45 Y = 0.164 + —0.006x —0.45 18 05 > p > .01° 
90 Y =0.108 + —0.001x  —0.07 18 > .05 ns 
C. digitalis 
0 Y = 0.231 + —0.010x —0.76 18 < .014 
45 Y = 0.162 + —0.006x —0.33 18 > .05 ns 
90 Y = 0.191 + —0.008x —0.50 18 05 > p > .01° 
All angles combined 
C. scabra Y = 0.274 + —0.014x —0.62 58 < .014 
All angles combined 
C. digitalis Y = 0.203 + —0.008x —0.58 58 < 014 


30.05 > p > 0.01 significant 

4 p < 0.01 highly significant 
ns not significant 

5<0.05 significant 


DISCUSSION 


Haven (1971) assumed, but did not test the hypothesis, 
that limpets on horizontal or gently sloping surfaces ex- 
perience greater desiccation than on vertical or overhang- 
ing rocks because solar radiation hits horizontal rocks at 
a steeper angle of incidence and is therefore more intense 
per unit area. A number of factors can affect dehydration 
in limpets, including temperature, air movement, duration 
of drying (Wotcott, 1973), salinity dehydration (SEGAL 
& DEHNEL, 1962), geological nature of the rock upon 
which the limpet sits (Davies, 1970), limpet size (ABE, 
1931; SHoTWELL, 1950; SecaL, 1956; Wotcort, op. cit.), 
shape (Russet, 1907; Orton, 1929, 1933; WacceE, 
1952; Moore, 1934; Hatran, 1938; Davies, 1969) and 
species (Wo coTT, op. cit.). Wolcott hypothesizes that the 
mucous sheet made by limpets, not size or surface-volume 
relationships, is the most important adaptation to desic- 
cation. In my study it was observed that both Collisella 
digitalis and C. scabra made mucous sheets. 

The role of desiccation in limiting distributions of or- 
ganisms in the rocky intertidal zone has yet to be demon- 
strated. Wotcorr (1973), NortH (1954) and Boye 
(1970) suggest high mortality due to desiccation in smal- 
ler size classes. BREEN (1972) postulates that predation is 
the important factor in limiting distribution of small 
limpets. 

Due to the many factors discussed above, it is not sur- 
prising that no clear relation between desiccation resis- 
tance and distributions of sympatric limpet species have 
been uncovered. To add to this is the probable technical 
impossibility of performing suitable experiments involv- 
ing manipulation of all the factors such that their relative 
contributions to desiccation of limpets can be detected, 
using appropriate factorial statistical design and analysis. 

In my experiments it was found that although no differ- 
ences in desiccation resistance could be detected in a 
simple 3-way factorial experiment, there was evidence 
that small limpets of both species lose more water than 
do larger ones and this varies between the species depend- 
ing on angle. However, the angles at which the smaller 
limpets were affected did not correlate with the observed 
limpet abundance ratio and angle trends in the field. In- 
deed, Collisella scabra tends to be larger at lower angles, 
but C. digitalis shows no such trends. Although resistance 
to desiccation may play a part in accounting for this distri- 
bution, especially in the upper intertidal ranges, it is clear 
that other factors may also be important. One of the least 
studied aspects of limpet competition is food resource 
allocation. It is likely that if rock angle affects the amount 
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of incident light hitting the substrate, this could have 
significant effects on the species composition and growth 
rates of the microalgae upon which the limpets feed. For 
example, the microhabitat differences of 5 sympatric 
species of Australian abalones have clearly been related 
to macroscopic algal distributions within their habitats 
(SHEPHERD, 1973). 

The abundances of these limpets and their relation to 
substrate angle need to be studied from the point of view 
of competitive interactions with respect to food resource 
partitioning. Limpet abundance and size appear to be 
related to the availability of microalgae on a particular 
slope of substrate (MS in prep.). In the light of previous 
studies and the lack of a clearcut relation of substrate 
angle, species abundances and desiccation results, the food 
resource partitioning hypothesis is the more promising 
one to pursue in more detail. This is all the more likely 
to yield interesting and more controllable experiments in 
view of the fact that generally these species seem to have 
tolerances to desiccation greatly exceeding environmental 
stress conditions. 
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Observations on the Feeding Behavior 


of Conus aurantius Hwass in Bruguiere, 1792 


and Conus ermineus Born, 1778, 


Collected from Bonaire, Netherlands Antilles 


BY 


RICK R. GUEST 


2467 Plunkett Street, Hollywood, Florida 33020 


INTRODUCTION 


THE Two SPECIES Conus aurantius Hwass in Bruguieére, 
1792 and Conus ermineus Born, 1778 generally share the 
same habitat in Bonaire. Conus ermineus has a much 
wider distribution than C. aurantius. It has been reported 
from as far north as Palm Beach County on the Florida 
east coast, and the Flower Garden Banks off the Texas 
coast. 

Conus aurantius, on the other hand, has a very restricted 
distribution. Bruguiére first described this cone as coming 
from the Indo-Pacific, and for over 170 years it has been 
reported as being an Indo-Pacific species. Both species are 
much sought after by cone collectors. 


OBSERVATIONS 
ON Conus ermineus Born, 1778 


About a year ago I collected my first live Conus ermineus 
off Palm Beach, Florida. I had no success in keeping this 
cone alive in my aquarium. I was later to find out the 
reason for the cone’s demise was entirely attributable to 
the fact that my aquaria are all populated exclusively by 
invertebrates. Upon discussing this subject with a friend, 
Robert Work of the University of Miami related to me 
that the geminate species of C. ermineus, C. purpurascens 
Sowerby, 1833 from the eastern Pacific, had been report- 
ed by NyBakkeNn (1967) to have preyed upon 2 species 
of fish. 

The radular teeth which. I extracted from my Conus 
ermineus were obviously of sufficient size to penetrate a 
fish and larger than any I had extracted from other At- 
lantic cone species, none of which are purported to prey 
upon anything other than soft-bodied animals, such as 
polychaetes. NyBAKKEN (1971) stated that the radular 


tooth structure of C. purpurascens differs from that of the 
Indo-Pacific fish-eating cones, but it is identical with that 
of C. testudinarius Hwass, 1792 (= ermineus). 

Recently I returned from a collecting trip to Bonaire, 
Netherlands Antilles, with a number of live mollusks, one 
of which was a Conus ermineus measuring 60mm in 
length. After the cone was acclimated to the aquarium, 
I collected a blenny, Blennius marmoreus Poey, 1875, 
measuring 58mm in length. I placed the blenny in the 
aquarium at 1730. About 2100 I shut the air off and 
examined the aquarium with a hand light. The blenny 
was a bit startled by the light and began to move about, 
passing directly over the cone, and activating the cone’s 
siphon. When the blenny swam back over the cone the 
second time, the proboscis was violently extended and 
fired a radular spear into the fish. The blenny then 
struggled violently 4 times, making good his escape the 4" 
time, only to die within 20 minutes. As the blenny lay 
motionless in the corner of the tank, the cone located the 
fish (whether visually or chemoreceptively or both, I was 
unable to determine), and distended and expanded the 
mouth, whereupon it ingested the fish, head first, in less 
than 4 minutes. 

Several days later this same cone consumed at least 4 
fish in a 24 hour period. These fish included: a tang, 
Acanthurus coeruleus Bloch & Schneider, 1801, measuring 
30mm; it was taken into the mouth sideways in less than 
90 seconds; 2 sharp-nosed blennies, Paraclinus nigripinnis 
(Steindachner, 1876), one 30mm and one 40mm, each 
swallowed tail first in less than 6 seconds; and a wrasse, 
Thallasoma bifasciatum (Bloch, 1791), measuring 30mm, 
swallowed in less than 4 seconds. In each case, even with 
the large blenny, the cone was somehow able to withdraw 
itself back up into the mantle cavity and assume a normal 
crawling position after 10 minutes. 
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Following the cone’s ingestion of the first fish, I stunned 
a cabbyu, Equetus acuminatus (Bloch « Schneider, 1801), 
by exposing it to a 5-second contact with the tentacles of 
a sea anemone, Bunodosoma cavernata (Bosc, 1802). 
With the fish unable to move, but still breathing, I placed 
it in close proximity to the anterior portion of the cone. The 
cone at first seemed interested, but the fish was ultimately 
refused. 

A larger Conus ermineus, which I borrowed from a 
friend, was evidently very hungry when I placed it in the 
aquarium, for it speared and tried to eat a very large blen- 
ny, Labrisoma nuchipinnis (Quoy & Gaimard, 1824), 
measuring 130mm. The cone was only 80mm in length 
and the animal had to give up after several attempts at 
swallowing this large meal head first. 

In a 5 day period from the time the first fish was eaten 
to the time at which the cone burrowed, seemingly for a 
rest, there were unaccountable disappearances of 2 other 
fishes, Paraclinus nigripinnis and Blennius cristatus Lin- 
naeus, 1758. Eupomacentrus variabilis (Castelnau, 1855) 
and Gobiosoma macrodon Beebe & Teevan, 1928, are 2 
other fish species consumed by this cone at the time of 
this writing. It is possible that an unidentified file fish 
and Equetus acuminatus were also eaten, but this was 
not observed. 

There is a possibility that this cone may also feed on 
some mollusks. On one occasion a Voluta musica Linnae- 
us, 1758 was followed and speared by the cone. However, 
the volute, 2 the size of the cone and considerably faster, 
broke away from the cone, snapping the filamentous 
thread attaching the radular tooth to the radular sac. The 
volute was found dead, fully expanded and uneaten the 
next morning. It may be that this cone will prey upon mol- 
lusks when fish are unavailable. This may have been the 
case in this instance, since there were no fish available 
when the volute was speared. The cone was probably out 
searching for a meal when I collected it. 

My observations on feeding behavior of Conus ermine- 
us match closely those of NyBAKKEN (1967) involving C. 
purpurascens. The proboscis of a 60mm specimen of C. 
ermineus is capable of being distended well over 100mm. 
I have observed this extension even while the cone was still 
half buried. It is reasonable to assume that the most reli- 
able method for the detection of prey by this species is 
chemotactic, since most of its feeding is done at night. 
In view of the observations reported herein, C. ermineus 
has the distinction of being the Atlantic’s only known 
fish-eating cone. Work (1974) has suggested that extreme 
care should be used when handling C. ermineus. I defi- 
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nitely agree with his view, for a venom which is capable 
of paralyzing or killing fish should be regarded as having 
the potential to cause severe illness or possibly even death 
to human beings. 


OBSERVATIONS 
on Conus aurantius Hwass, 1792 


Four specimens, collected in Bonaire, N. A. by the author, 
were observed in an 18 liter capacity aquarium for a 
period of 45 days. The cones measured 68, 37, 32, and 28 
mm. During this time they were supplied amphinomid 
polychaete worms for food. I had already observed these 
worms to be readily accepted by this species while the 
cones were in a make-shift aquarium during my stay on 
Bonaire. 

The polychaete Eurythoe complanata (Pallas, 1766) 
was the species most often offered to the cones during the 
period of captivity. However, a quantity of another spe- 
cies, Notopygos crinita Grube, 1855 was offered only once, 
but this species was obviously more susceptible to the 
venom of the cone than was E. complanata. Compared 
to Conus regius Gmelin, 1791, C. aurantius was only 
capable of subduing individuals of E. complanata less 
than half the size of those which C. regius could subdue. 
Conus aurantius is probably trophically dependent on N. 
crinita, at least in Bonaire. I collected C. aurantius from 
several different areas in and around Kralendijke Bay, 
Bonaire, and £. complanata was rare in these areas, while 
N. crinita was extremely common. It was observed that E. 
complanata was often able to pull away from C. aurantius 
after being injected by the radular spear, while N. crinita 
of the same size was usually unable to escape. When a 
worm did escape from either C. regius or C. aurantius 
without autotomizing, the cone was usually able to track 
the worm down. However, upon reaching the worm, the 
cone was apparently unable to move another radular 
tooth into the firing position if only a short time had 
elapsed since the discharge of the first tooth. If the 
worm was immobilized sufficiently, the cone ingested it 
by retracting the distended proboscis, with the prey at- 
tached, into the mouth. In most instances, the specimens 
of C. aurantius were able to move another radular tooth 
into position in approximately one hour, while C. regius 
seems to require approximately 3-4 hours for the same 
procedure. However, on one occasion, the smallest C. au- 
rantius was able to fire a second radular spear into the 
same worm in less than 5 minutes. 
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Compared to Conus regius, C. aurantius was quite in- 
active, preferring to remain half-buried most of the time 
during its 45 days in the aquarium. In nature, this cone 
prefers to live under rocks of all sizes, perhaps remaining 
under the same rock for long periods of time. From my 
observations, C’. aurantius feeds whenever a polychaete 
comes into close proximity. Therefore, this cone does not 
roam about nocturnally, searching for food as do most 
other cones, but remains instead under a rock and allows 
its prey to come to it. This observation is also substanti- 
ated by the fact that during many night dives made by 
the author in areas inhabited by C. aurantius, none were 
observed crawling about in the manner of other cone 
species. In 3 trips to Bonaire, my diving partner and I 
have collected several live C. aurantius, both diumally 
and nocturnally, and each was under a rock. 


The method most relied upon for the detection of prey 
appears to be chemotactic. The ability of Conus aurantius 
to track down a worm chemoreceptively is not as acute 
nor efficient as that of C’. regius, but since most of the 
prey of C. aurantius is so abundant in its habitat, its less 
developed predatorial abilities are sufficient for survival. 
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NOTES & NEWS 


A Giant Neomenia 


from the Magellanic Province 


BY 


AMELIE H. SCHELTEMA 


Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 02543 


AND 


LUITFRIED v. SALVINI-PLAWEN 


I. Zoologisches Institut der Universitat Wien 
A-to1o Wien, Dr. Karl Lueger-Ring 1 


(1 Text figure) 


THE “woRM MOLLUSKS”, known as aplacophorans or 
solenogasters, are primarily benthic creatures of the deep 
sea. They are usually small, 5 to 20mm in length, although 
species longer than 5cm have been described. They form 
a constant, but numerically minor, component of the 
continental shelf, slope, abyssal, and ultra-abyssal (hadal) 
faunas (HEssLeR & SANDERS, 1967; BreLyarv, 1966; 
SALVINI-PLAWEN, 1971). 

Two specimens of an exceptionally large species were 
dredged.in 1966 from the continental shelf north of the 
Falkland Islands. Sr. Victor Scarabino of the Museo Na- 
cional de Historia Natural, Uruguay, kindly brought a 
specimen to one of us (AS) during a recent Fulbright 
travel grant. 

A preliminary identification places the specimen in the 
genus Neomenia as it is presently defined by body config- 
uration, and especially by the grooved shape of the spic- 
ules. A species description awaits dissection and histolog- 
ical preparation. 

The length of the preserved specimen along the dorsal 
midline is 25cm; along the ventral midline, 7$cm; and 
along the lateral midline, 20cm. The animal would there- 
fore be 17 to 20cm long in the living condition. The 
median circumference of the specimen is 14cm; the dorso- 
ventral diameter, 5cm. 
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The two specimens were dredged from 130m at 47°09’ 
S, 61°01’ W by the research vessel Walther Herwig on 
June 25, 1966, station 313. José Maria Orensanz from the 
Instituto de Biologia Marina de Mar del Plata, Argen- 
tina, picked out and preserved the specimens. 


Figure 1 


Lateral view of a new Magellanic species of Neomenia 
scale in mm 


Large benthic Magellanic animals have been known 
since the “Challenger” Expedition. That such large ani- 
mals at relatively shallow depths should have escaped 
collection before is an indication of how little we still 
know of the continental shelf and deep-sea faunas of the 
world. 
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A Note on the Occurrence of a 
Symbiotic Oligochaete, Chaetogaster limnaer, 
in the Mantle Cavity of the Asiatic Clam, 


Corbicula manilensis 


BY 
LARRY L. ENG 


California Academy of Sciences, Golden Gate Park 
San Francisco, California 94118 


Durinc a survey of the benthic invertebrates in the 
Delta-Mendota Canal, California, a small naiidid oligo- 
chaete, Chaetogaster limnaei von Baer, 1827 was dis- 
covered inhabiting the mantle cavity of the Asiatic clam, 
Corbicula manilensis (Philippi, 1844). Similarly infested 
Asiatic clams have subsequently been collected from 2 
other California locations, Lake Berryessa and the Moke- 
lumne River. This small worm has been widely reported as 
a symbiont living in the mantle cavity of freshwater pul- 
monate snails (PENNAK, 1953; BrinKHUuRST, 1964), fresh- 
water mussels (CoKeErR ef al., 1921) and sphaeriid clams 
(Gayie, 1973) ; however, it has not previously been re- 
ported in Corbicula manilensis. 

Clams were sampled monthly at mile 77.66 of the Delta- 
Mendota Canal from 22 January 1974 until 16 October 
1974. Collecting was terminated in November when the 
canal was dewatered for cleaning and maintenance. Ten 
clams, ranging from 12.3 to 33.8mm in length, were 
selected at random from samples collected each month 
and examined for the presence of Chaetogaster limnaei. 

Infestation was noticeably seasonal. Nearly 87% of 
the clarms examined from March through May were in- 
fested and the mean monthly infestations (number of 
worms per clam) during this period ranged from 1.6 to 
5.0. Less than 3.0% of the clams examined during the 
other months were infested and the mean monthly in- 
festation did not exceed 0.2 worms per clam. Student- 
Newman-Keuls multiple range analysis (Wootr, 1968) 
showed that the intensity of infestation was significantly 
greater (0.05 level) during March, April and May than in 
the other months (N = 100; s = 2.52; w > 1.15). 

The relationship between Corbicula manilensis and 
Chaetogaster limnaei is uncertain. All clams examined 
appeared healthy with no overt evidence of tissue damage. 


The oligochaetes were usually found on the gills where 
they appeared to be feeding in the lateral grooves. Mucus 
and organic debris were present in the gut. GRUFFYDD 
(1965) and Suicrva (1970) have reported the food of 
Chaetogaster limnaei collected from snails to include 
snail “kidney” cells, algae, protozoa, rotifers and cercariae. 
They have also been reported to consume “juvenile mus- 
sels’ (CoKeEr et al., 1921). 

This survey was supported by the U. S. Bureau of Rec- 
lamation contracts 14-06-200-6043A and 14-06-200-7762 
A to the California Academy of Sciences. 
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Tue StxtH European MatacorocicaL Coneress of the 
Unitas Malacologica Europaea will be held in the week 
of 15 to 20 August 1977 at the Free University in Amster- 
dam, Holland. This congress, under the auspices of a 
Comité d’Honneur consisting of Dr. Vera Fretter (U. K.), 
Dr. A. Riedel (Poland), Dr. K. M. Wilbur (U.S. A.), 
Dr. J. Lever and Dr. C. P. Raven (both from the Nether- 
lands), is intended to be a meeting place of everybody 
engaged in or interested in any branch of malacology. 
Apart from the usual items on the program, such as a 
meeting of the European Invertebrate Survey, field trips, 
and the General Assembly of the U. M. E., there will be 
twelve main lectures by specialists in the various fields. 
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Ten of these have already consented to read a major pa- 
per, viz., Dr. E. A. Malek (U.S.A.) on the control of 
snail hosts of schistosomiasis; Dr. J. Joosse (Netherlands) 
on the endocrinology of molluscs; Dr. J. Knudsen (Den- 
mark) on deep sea bivalves; Dr. J. Lever (Netherlands) 
on torsion in gastropods; Dr. A. S. M. Saleuddin (Canada) 
on shell formation; Dr. A. Solem (U.S.A.) on zoogeo- 
graphy of land gastropods; Dr. N. H. Verdonk (Nether- 
lands) on symmetry and asymmetry in the embryonic de- 
velopment of molluscs; Dr. M. J. Wells (U. K.) on brain 
and behaviour of cephalopods; Sir Maurice Yonge (U. 
K.) on cementation in bivalves; and Dr. A. de Zwaan 
(Netherlands) on the energy metabolism in molluscs. 
There will also be so-called “poster sessions’ in order to 
present material and data instead of contributed papers, 
for which latter provision will also be made. 

All malacologists, 7. e., everybody working with mol- 
luscs, whether in a professional capacity or not, are in- 
vited to attend the Amsterdam Congress. For further in- 
formation write to ‘Sixth European Malacological Con- 
gress, % Congresbureau van de Vrije Universiteit, De 
Boelelaan, 1105, Amsterdam, Holland.’ 

The fees will be as follows: Hfl. 100.- for full congress 
members (approximately US$ 40.-), Hfl. 20.- for associate 
members (é. g., accompanying persons), and Hfl. 50.- for 
student members. 


W.S. M. 


THE TENTH ANNUAL MEETING of the Western Society of 
Malacologists will be held June 15 to June 18, 1977, at 
Kellogg West (Center for Continuing Education), Cali- 
fornia State Polytechnic University, Pomona. The pro- 
gram will include contributed papers, symposia, exhibits, 
and study workshops on molluscan subjects. Inquiries 
about the meeting should be directed to: Mrs. Jo Ram- 
SARAN, Secretary, 807 North Road, San Bernardino, 
CA 92404. 

Applications for membership should be sent to Mr. 
Merton J. Gotpsmrru, Treasurer, 1622 N 20" Street, 
Phoenix, AZ 85006. Dues: regular membership — $5.00; 
additional family members — $1.00 per person; student 
membership — 2.00. Regular and student members will 
receive the published proceedings of the meeting. 

Request for back issues of the Annual Report and for 
copies of Occasional Paper No. 1 should be addressed to 


Mrs. Carol Skoglund, 3846 E Highland Avenue, Phoenix, 
AZ 85018. 


Officers of the Western Society of Malacologists 


President: HELEN DuSHANE 
First Vice-President: PETER D’Exiscu 
Second Vice-President: Barry Rotu 


Treasurer: Merton GoLpsMITH 
Secretary: Jo RAMSARAN 
Editor: EvuGENE V. Coan 


CaroL SKOGLUND 
James Carton, Roy PoorMAN 


Assistant Editor: 
Members-at-Large: 


The Veliger 
and the Metric System 


Over the past few years, we have gradually converted 
completely to the metric system for all measurable quan- 
tities. The only exceptions have been — and will continue 
to be — citations of earlier works. However, in such cases 
we shall expect our contributors to supply metric equiv- 
alents in square brackets; if this is not done by the author, 
we will editorially supply the equivalents. 

At the same time we have also adopted the international 
abbreviations. Thus, for example, instead of or “mi- 
cron” we use pm. Because of the similarity between the 
numeral 1 and the letter 1, which can lead to confusion 
and misunderstanding, we use / as the symbol for “liter.” 


and the U.S. Postal Service 


As we are going to press with the present issue, the U. S. 
Postal Service announces new increases in postage rates 
on periodicals, books, and packages. Increases in the let- 
ter rates cannot be far behind! That we will have to 
increase our charges accordingly will come as no surprise 
to our members and subscribers. How high these increases 
will have to be — that is impossible to say at this time. 

We would not complain too much (probably!) if the 
service would show definite signs of improving. But that 
is, regrettably, not the case. 
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Catirornia MatacozootocicaL Society, Inc. 
announces 


Backnumbers of | 
THE VELIGER 


and other publications 


Volumes 1 through 8: out of print 


Volume 9: $22.- Volume 10: out of print 
Volumes 11 and 12: out of print 
Volume 13: $24.- Volume 14: $28.- 
Volume 15: $28.- Volume 16: $32.- 
Volume 17: $34.- Volume 18: $34.- 


We now have a limited number of volumes 9, 11, D&, 13, 
14, and 15 available bound in full buckram, black with 
gold title. These volumes sell as follows: Volume 9 at $27.-; 
Volume 11 and 13 at $29.- each; Volumes 2%, 14, and 15 
at $33.-; Volume 16 at $38.-; Volume 17 at $41.-; to this 
we must add a handling charge of $2.25 per volume for 
shipment to domestic addresses and $4.00 for shipment to 
any foreign address. Further, we must collect the appro- 
priate amount of sales tax on the price of the bound vol- 
umes sold to California residents. 


Supplements 


Supplement to Volume 3: $6.-* plus handling charge 
{Part 1: Opisthobranch Mollusks of California 
by Prof. Ernst Marcus; : 
Part 2: The Anaspidea of California by Prof. R. Beeman, 
and The Thecosomata and Gymnosomata of the Cali- 
fornia Current by Prof. John A. McGowan] 
[The two parts are available separately at $3.- each plus 
a handling charge (see below). If purchased separately, 
each part is subject to the California State sales tax if 
mailed to California addresses]. 
Supplement to Volume 6: out of print. 
Supplement to Volume 7: available again; see announce- 
ment below. 
Supplement to Volume 11: $6.-* plus handling charge. 
[The Biology of Acmaea by Prof. D. P. Aszorr et al., ed.] 
Supplement to Volume 14: $6.-* plus handling charge. 
[The Northwest American Tellinidae by Dr. E. V. Coan] 
Supplement to Volume 15: $15.-* plus handling charges 
as follows: $1.50 for addresses in the United States of A- 
merica; $3.00 for all other addresses. 

[A systematic Revision of the Recent Cypraeid Family 
Ovulidae by Crawrorp Nemi Cate] 
Supplement to Volume 16: $8.-* plus handling charge. 
(The Panamic-Galapagan Epitoniidae by Mrs. Helen 
DuShane] 


Supplement to Volume 17: $3.-* plus handling charge. 
[Growth Rates, Depth Preference and Ecological Succes- 
sion of Some Sessile Marine Invertebrates in Monterey 
Harbor by Dr. E. C. Haderlie] 
Supplement to Volume 18: $10.-* plus handling charge. 
[The Biology of Chitons by Robin Burnett e¢ al.]. 


(Our supply of this supplement is exhausted; however, 
copies may be available by making application to the 
Secretary, Hopkins Marine Station, Pacific Grove, Cali- 
fornia 93950.) 

Unless otherwise specified, the following guidelines for 
estimating the handling charges should be used: Mini- 
mum for U.S. A. $1.50. If an order is for 2 or more items, 
add $0.30 for each. Minimum for all foreign countries: 
$3.-; add $0.45 for each item in addition to the first one. 
These charges reflect the latest increases in fees by the U. 
S. Postal Service. 

Items marked with * are subject to sales tax in the State 
of California; residents of that State please add the 

appropriate amount to their remittances. 


Prices subject to change without notice. 
Send orders with remittance to: 


Mrs. J. DeMouthe Smith, Department of Geology, Cali- 
fornia Academy of Sciences, Golden Gate Park, San Fran- 
cisco, California 94118. Please make remittance payable 
to C. M.S., Inc. in U. S. $, net and free of any fees to the 
Society. 


Shipments of material ordered are generally made within 
two weeks after receipt of remittance. 


Subscription to Volume 19 (July 1, 1976 to April 1, 1977) 
is US$ 25.- plus announced postage charges. 


Affiliate Membership for the fiscal year 1976/1977 has 
been set again at US$ 12.- plus the announced postage 
charges. 


We must emphasize that under no condition can we ac- 
cept subscription orders or membership applications for 
calendar year periods: If “split volumes” are required, 
we must charge the individual number costs. Individual 
issues sell at prices ranging from US$12.- to US$20.-, 
depending on the cost to us. 


Effective January 1, 1967 there will be an initiation fee 
of $2.- for persons joining the Society. 
Backnumbers of the current volume will be mailed to new 
subscribers, as well as to those who renew late, on the 
first working day of the month following receipt of the 
remittance. The same policy applies to new members. 
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We ARE PLEASED to announce that an agreement has 
been entered into by the California Malacozoological 
Society, Inc. with Mr. Steven J. Long for the production 
and sale of microfiche reproductions of all out-of-print 
editions of the publications of the Society. The microfiches 
are available as negative films (printed matter ap- 
pearing white on black background), 105mm x 148mm 
and can be supplied immediately. The following is a list 
of items now ready: 
Volume 1: $1.50 


| Volume 6: $4.50 
Volume 2: $3.00 | 
| 


Volume 7: $6.00 
Volume 8: $6.00 
Volume 10: $9.00 
Volume 11: $9.00 


Volume 3: $3.00 

Volume 4: $4.50 

Volume 5: $4.50 | 
Volume 12: $9.00 

Supplement to Volume 6: $1.50; to Volume 18: $3.00 

California residents please add the appropriate amount 

for sales tax to the prices indicated. 

Please, send your order, with check payable to Opistho- 
branch Newsletter, to Mr. Steven J. Long, P O. Box 243, 
Santa Maria, CA 93454. 

Volumes and Supplements not listed as available in 
microfiche form are still available in original edition from 
the Society at prices indicated elsewhere in the NOTES & 
NEWS section. 


WE CALL THE ATTENTION of our 


foreign correspondents to the fact that bank drafts or 
checks on banks other than American banks are subject 
to a collection charge and that such remittances cannot be 
accepted as payment in full, unless sufficient overage is 
provided. Depending on the American banks on which 
drafts are made, such charges vary from a flat fee of $1.- 
to a percentage of the value of the draft, going as high 
as 33%. Therefore we recommend either International 
Postal Money Orders or bank drafts on the Berkeley 
Branch of United California Bank in Berkeley, California. 
This institution has agreed to honor such drafts without 
charge. UNESCO coupons are N OT acceptable except 
as indicated elsewhere in this section. 


Regarding UNESCO Coupons 


We are unable to accept UNESCO coupons in payment, 
except at a charge of $2.50 (to reimburse us for the ex- 


penses involved in redeeming them) and at $0.95 per $1.00 
face value of the coupons (the amount that we will receive 
in exchange for the coupons). We regret that these char- 
ges must be passed on to our correspondents; however, 
our subscription rates and other charges are so low that 
we are absolutely unable to absorb additional expenses. 


Supplements 


Many of our members desire to receive all supplements 
published by the Society. Since heretofore we have sent 
supplements only on separate order, some members have 
missed the chance of obtaining their copies through over- 
sight or because of absence from home. It has been sug- 
gested to us that we should accept “standing orders” from 
individuals to include all supplements published in the 
future. After careful consideration we have agreed to the 
proposal. We will accept written requests from individuals 
to place their names on our list to receive all future sup- 
plements upon publication; we will enclose our invoice 
at the same time. The members’ only obligation will be 
to pay promptly upon receipt of the invoice. 

Requests to be placed on this special mailing list should 
be sent to Mrs. J. DeMouthe Smith, Manager, C.M.S., 
Department of Geology, California Academy of Sciences, 
Golden Gate Park, San Francisco, CA(lifornia) 94118. 


Endowment Fund 


In the face of continuous rises in the costs of printing 
and labor, the income from the Endowment Fund would 
materially aid in avoiding the need for repeated upward 
adjustments of the membership dues of the Society. It 
is the stated aim of the Society to disseminate new infor- 
mation in the field of malacology and conchology as widely 
as possible at the lowest cost possible. 

At a Regular Membership meeting of the Society in No- 
vember 1968 a policy was adopted which, it is hoped, 
will assist in building up the Endowment Fund of the 
Society. 

An issue of the journal will be designated as a Memorial 
Issue in honor of a person from whose estate the sum of 
$5000.- or more has been paid to the Veliger Endowment 
Fund. If the bequest is $25 000.- or more, an entire volume 
will be dedicated to the memory of the decedent. 
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Moving? 


If your address is changed it will be important to notify 
us of the new address at least six weeks before the 
effective date, and not less than six weeks before our 
regular mailing dates. Because of a number of drastic 
changes in the regulations affecting second class mailing, 
there is now a sizeable charge to us on the returned 
copies as well as for our remailing to the new address. 
We are forced to ask our members and subscribers for 
reimbursement of these charges; further, because of 
increased costs in connection with the new mailing plate, 
we also must ask for reimbursement of that expense. 
Effective January 8, 1968 the following charges must be 
made: 


change of address - $1.- 


change of address and re-mailing of a returned issue 
— $2.75 minimum, but not more than actual costs to us. 


We must emphasize that these charges cover only our 
actual expenses and do not include compensation for 
the extra work involved in re-packing and re-mailing 
returned copies. 


In view of the ever increasing difficulties in the postal 
service, it is essential that members and subscribers not 
only give us prompt and early notice of address changes, 
but that proper arrangement for forwarding of our jour- 
nal be made with the local post office (at the old address). 


At present we are charged a minimum fee of $8.50 
on each order for new addressograph plates. For this rea- 
son we hold off on our order until 6 weeks before mailing 
time, the very last moment possible. If, for any reason, 
a member or subscriber is unable to notify us in time and 
also is unable to make the proper arrangement with the 
Post Office for forwarding our journal, we will accept 
a notice of change of address, accompanied by the proper 
fee and a typed new address on a gummed label as late 
as 10 days before mailing time. We regret that we are 
absolutely unable to accept orders for changes of address 
on any other basis. In view of the probable further cur- 
tailment in the services provided by the Postal Service, we 
expect that before long we may have to increase these 
time intervals. 
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To Prospective Authors 


Postal Service seems to have deteriorated in many other 
countries as well as in the United States of America. Since 
we will absolutely not publish a paper unless the galley 
proofs have been corrected and returned by the authors, 
the slow surface mail service (a minimum of 6 weeks from 
European countries, 8 to 12 weeks from India and Africa) 
may make a delay in publication inevitable. We strongly 
urge that authors who have submitted papers to the Veli- 
ger make all necessary arrangements for expeditious read- 
ing of the proofs when received (we mail all proofs by air 
mail) and their prompt return by air mail also. 

Since we conscientiously reply to all letters we actually 
receive, and since we experience a constant loss in insured 
and registered mail pieces, we have come to the conclusion 
that if a correspondent does not receive an answer from 
us, this is due to the loss of either the inquiry or the reply. 
We have adopted the habit of repeating our inquiries if 
we do not receive a reply within a reasonable time, that 
is 6 weeks longer than fairly normal postal service might 
be expected to accomplish the routine work. But we can 
not reply if we have never received the inquiry. 

Because of some distressing experiences with the Postal 
Service in recent weeks, we now urge authors who wish 
to submit manuscripts to our journal to mail them as 
insured parcels, with insurance high enough to cover the 
complete replacement costs. Authors must be prepared 
to document these costs. If the replacement costs exceed 
$200.-, the manuscript should be sent by registered mail 
with additional insurance coverage (the maximum limit 
of insurance on parcel post is, at present, $200.-). We are 
unable to advise prospective authors in foreign countries 
and would urge them to make the necessary inquiries at 
their local post offices. 

We wish to remind prospective authors that we have 
announced some time ago that we will not acknowledge 
the receipt of a manuscript unless a self-addressed stamped 
envelope is enclosed (two International Postal Reply 
Coupons are required from addresses outside the U.S. 
A.). If correspondence is needed pertaining to a manu- 
script, we must expect prompt replies. If a manuscript is 
withdrawn by the author, sufficient postage for return by 
certified mail within the U.S.A. and by registered mail to 
other countries must be provided. We regret that we must 
insist on these conditions; however, the exorbitant in- 
creases in postal charges leave us no other choice. 
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New Postage Rates 


Although the Postal Service continues to deteriorate con- 
sistently, the postal rates are increased by 30 to 100%. 
We are, therefore, forced to increase the handling charges 
as well as the postage charges on the subscription. The 
following rates will be in effect on all new subscriptions 
and subscription renewals as of December 28, 1975: 

$1.- on subscriptions and memberships in the U. S. A.; 
$2.50 on memberships and subscriptions to PUAS coun- 
tries (Mexico, Central and South America and Spain) ; 
$3.50 to all other foreign countries, including Canada. 
We wish to stress that we are NOT INCREASING 
either membership dues or subscription rates, in spite of 
increased printing costs. But at the same time, we wish 
to call the attention to our Endowment Fund, the income 
from which enables us, in part, to keep these charges at 
the established levels. Contributions (tax deductible in 
the U.S.A.) are always welcome. 


REGARDING POSTAL SERVICE 


Complaints regarding late arrival of our journal are in- 
creasing in number, steadily, continually. However, we 
very conscientiously dispatch our journal on the printed 
publication dates. What happens after deposition at the 
Post Office is, of course, beyond our control. From some of 
our members we have been able to construct a sort of 
probable delivery schedule. In general, within California, 
8 days is usual; outside of California, the time lapse in- 
creases with the distance; the East Coast can consider a 
lapse of “only” two weeks as rapid service; 4 to 5 weeks 
are not uncommon. Foreign countries may count on a 
minimum of one month, six weeks being the more usual 
time requirement and over two months not rare! 

We are willing to accept requests for expediting our 
journal via AIR MAIL; however, in that case we must 
ask for an additional payment of US$8.00 in all cases 
where the Veliger goes to domestic addresses, and a depos- 
it of US$18.00 for all foreign addresses (including PUAS). 
Of course, we will carry forward as a credit toward the 
postage charges of the following year any amount over the 
actually required postage charges. 
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BOOKS, PERIODICALS, PAMPHLETS 


Fish and Fish Dishes of Laos 


by ALAN Davwpson. 206 pp.; numerous line drawings. 
Charles E. Tuttle Company, Rutland, Vermont. $4.75. 


The author of this very interesting “cook book” was A- 
merican Ambassador to Laos and during his tenure there 
he collected these recipes. But there are also many nota- 
tions on the animals mentioned in the recipes - which in- 
clude “fish” ina more comprehensive way than only the 
“finny fish”. Charming illustrations accurately depict the 
subjects of the recipes. The price of the paperbound book 
seems very reasonable. 

R. Stohler 


The American Museum of Natural History 
GUIDE TO SHELLS 
Land, Freshwater, and Marine, 
from Nova Scotia to Florida 


by Wiruiam K. Emerson & Morris K. Jacopson. 
47 plates, of which 16 in color; a few text figures; 482+ 
xvill pages. Hardcover: $17.50; paperback: 8.95. 

Alfred A. Knopf, Inc. New York 10022. 19 May 1976 


The authors of this latest shell book are both well known 
authorities in their respective fields. Thus, a high degree 
of reliability is assured. At the same time, this work is 
not “just another shell book” put out to take advantage 
of the current fashion in shell collecting. This reviewer is 
especially pleased by the organisation of the information 
provided: for each species listed, the currently accepted 
scientific name is given, followed (somewhat unfortunate- 
ly, in some instances) by the “common” name; the etymo- 
logy of the scientific name comes next, then size ranges 
in metric and English measurements, with a distributional 
range after that and a brief but very adequate description 
of the shell following. The entry is completed with a more 
or less extensive, more or less complete account about 
special noteworthy points pertaining to the species. What 
will be especially welcome to all collectors are the excel- 
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lent keys to the species in each genus to the genera in 
each family. Although from a didactic point of view we 
could have wished for a more complete citation of each 
name, i. e., author and year of original description, as well 
as the use of parentheses where taxonomically required, 
we do like the book and recommend it highly. The price 
of the paperback edition is astonishingly low. 

R. Stohler 


Index to the Taxonomic Names in Edwin A. Joyce, Jr., 
1972, 


A Partial Bibliography of Oysters, with Annotations 


assembled and prepared by Louise B. Hastines. A sup- 
plement to Special Scientific Report No. 34, State of 
Florida Department of Natural Resources, St. Peters- 
burg, Florida. 40 pp. February 1976 


No price is stated; however, this publication is also avail- 
able by sending 3 13-cent postage stamps to the Delaware 
Museum of Natural History, P O. Box 3937, Greenville, 
DE(laware) 19807. 
There is no need to comment on the tremendous value of 
this index to a publication that is of importance to all 
workers concerned with oysters. The compiler of this in- 
dex is assured of the gratitude of those workers who need 
easy and quick access to the information in the original 
bibliography. 

R. Stohler 
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THE VELIGER is open to original papers pertaining to any problem 
concerned with mollusks. 

This is meant to make facilities available for publication of original 
articles from a wide field of endeavor. Papers dealing with anatomical, 
cytological, distributional, ecological, histological, morphological, phys- 
iological, taxonomic, etc., aspects of marine, freshwater or terrestrial 
mollusks from any region, will be considered. Even topics only indi- 
rectly concerned with mollusks may be acceptable. In the unlikely event 
that space considerations make limitations necessary, papers dealing 
with mollusks from the Pacific region will be given priority. However, 
in this case the term “Pacific region” is to be most liberally interpreted. 

It is the editorial policy to preserve the individualistic writing style of 
the author; therefore any editorial changes in a manuscript will be sub- 
mitted to the author for his approval, before going to press. 

Short articles containing descriptions of new species or lesser taxa will 
be given preferential treatment in the speed of publication provided 
that arrangements have been made by the author for depositing the 
holotype with a recognized public Museum. Museum numbers of the 
type specimens must be included in the manuscript. Type localities 
must be defined as accurately as possible, with geographical longitudes 
and latitudes added, 

Short original papers, not exceeding 500 words, will be published in 
the column “NOTES & NEWS”; in this column will also appear notices 
of meetings of the American Malacological Union, as well as news items 
which are deemed of interest to our subscribers in general. Articles on 
“METHODS & TECHNIQUES” will be considered for publication in 
another column, provided that the information is complete and tech- 
niques and methods are capable of duplication by anyone carefully fol- 
lowing the description given. Such articles should be mainly original 
and deal with collecting, preparing, maintaining, studying, photo- 
graphing, etc., of mollusks or other invertebrates. A third column, en- 
titled “INFORMATION DESK,” will contain articles dealing with any 
problem pertaining to collecting, identifying, etc., in short, problems 
encountered by our readers. In contrast to other contributions, articles 
in this column do not necessarily contain new and original materials. 
Questions to the editor, which can be answered in this column, are in- 
vited. The column “BOOKS, PERIODICALS, PAMPHLETS?” will 
attempt to bring reviews of new publications to the attention of our 
readers. Also, new timely articles may be listed by title only, if this is 
deemed expedient. 

Manuscripts should be typed in final form on a high grade white 
paper, 812” by 11”, double spaced and accompanied by a carbon copy. 

A pamphlet with detailed suggestions for preparing manuscripts 
intended for publication in THE VELIGER is available to authors 
upon request. A self-addressed envelope, sufficiently large to accom- 
modate the pamphlet (which measures 5/2” by 81/2’), with double first 
class postage, should be sent with the request to the Editor. 


EDITORIAL BOARD 


Dr. Donatp P. Assorrt, Professor of Biology 
Hopkins Marine Station of Stanford University 


Dr. Warren O. Appicott, Research Geologist, U. S. 
Geological Survey, Menlo Park, California, and 
Consulting Associate Professor of Paleontology, Stan- 
ford University 


Dr. Jerry DonouueE, Professor of Chemistry 
University of Pennsylvania, Philadelphia, and 
Research Associate in the Allan Hancock Foundation 
University of Southern California, Los Angeles 

Dr. J. Wyatt Durnam, Professor of Paleontology 
University of California, Berkeley, California 

Dr. Caner Hann, Professor of Zoology and 
Director, Bodega Marine Laboratory 

University of California, Berkeley, California 

Dr. Jorz W. Hepcretu, Resident Director 

Marine Science Laboratory, Oregon State University 
Newport, Oregon 

Dr. A. Myra KEEN, Professor of Paleontology and 
Curator of Malacology, Emeritus 

Stanford University, Stanford, California 


Dr. Vicror Loosanorr, Professor of Marine Biology 
Pacific Marine Station of the University of the Pacific 


EDITOR-IN-CHIEF 


Dr. Rupoitr SToHL ER, Research Zoologist, Emeritus 
University of California, Berkeley, California 


Dr. Joun McGowan, Associate Professor of 
Oceanography 


Scripps Institution of Oceanography, La Jolla 
University of California at San Diego 

Dr. Frank A. Prreixa, Professor of Zoology 
University of California, Berkeley, California 

Dr. Rospert Rosertson, Pilsbry Chair of Malacology 
Department of Malacology 

Academy of Natural Sciences of Philadelphia 

Dr. Peter U. Roppa, 

Chairman and Curator, Department of Geology 
California Academy of Sciences, San Francisco 


Mr. Attyn G. Smiru, Research Associate 
Department of Geology 
California Academy of Sciences, San Francisco 


Dr. Ratpu I. Smiru, Professor of Zoology 
University of California, Berkeley, California 


Dr. Cuares R. STASEK, 
Bodega Bay Institute 
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Dr. T. E. Toompson, Reader in Zoology 
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CoNnTENTS 


Rectification of West Coast Chiton Nomenclature (Mollusca : Polyplacophora). 
NPiNING Gm MULE pepe een i whi al a, co eh so jnlk, ww. (oe Mer wes 2G 


Radular Tooth Structure in Three Species of Terebridae (Mollusca : Toxoglossa) 
(3 Plates; 1 Text figure) 
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A Scanning Electron Microscope Study of Sensory Tentacles on the Mantle Margin 
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A New Alaskan Macoma (Mollusca : Bivalvia). (2 Plates; 1 Text figure) 
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A Uniquely Sculptured Middle Miocene Pelecypod of the Genus Lima. 
(1 Plate) 
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Food Preferences, Food Availability and Resource Partitioning in Triopha maculata 
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Obtained from Seto, Kii, Middle Japan. (5 Text figures) 
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Central Province Shellfish Resources and their Utilisation in the Prehistoric Past of 
Papua New Guinea. (4 Text figures) 
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Observations on Food Preferences, Daily Ration Requirements and Growth of 
Hahotis kamtschatkana Jonas in Captivity. (4 Text figures) 


A. J. Paut, J. M. Pau, D. W. Hoop « R. A. Neve 
Freshwater and Terrestrial Mollusca of the Olympic Peninsula, Washington. 
(3 Text figures) 
BrANLEY A. BRANSON . 


Chemical Recognition of Prey by the Gastropod Epitonium tinctum (Carpenter, 
1864). (4 Text figures) 
Carey Rescu SMITH 


A Review of the Eratoidae (Mollusca : Gastropoda). (15 Plates; 13 Text figures) 
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An Old Name for Triptychus pacificus Corgan, 1973. Patrick I. LaAFoLiettTe 
Discontinuous and Continuous Color Variation in Neosimnia uniplicata 
(Sowerby, 1848) (Mesogastropoda : Ovulidae) Raymonp W. Neck 
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ALLYN GOODWIN SMITH 
1893-1976 


Attyn Situ died suddenly at his home in Berkeley, 
California, on August 18, 1976. His death is a major loss 
to malacology. 


Allyn was born in Hartford, Connecticut on June 4, 
1893. He moved with his family to Redlands in 1908 
where he completed secondary school and developed an 
interest in natural history. In 1910 his interest in malaco- 
logy was stimulated by contact with Josiah Keep. Addi- 
tional encouragement came from fellow-Redland resi- 
dent S. Stillman Berry, and Allyn was launched on his 
first love and second career. He graduated from the Uni- 
versity of California, Berkeley, in 1916 with a Bachelor of 
Science in Electrical Engineering. After service in the 
Army from 1917 to 1920 he served as Chairman of the 
Technical Department of the University of California 
Extension at Berkeley. In 1925 he began a 32-year career 
with Pacific Telephone and Telegraph Company, ending 
with his retirement in 1954 as Administrative Superin- 
tendent of Personnel. During alli this period Allyn pursued 
his interest in malacology assiduously. While most of us 
have our hands full with a single career, he was simul- 
taneously and outstandingly successful in both of his. 

Allyn’s special interests were West American land snails 
and chitons (living and fossil), and he was a recognized 
authority on both. Half of his bibliography of about 100 
titles concerns these two groups; the other papers are 
mostly on West American marine mollusca, especially 
gastropoda. His first paper was published in Lorquinia in 
1917; several recently completed papers are still in press. 
He was an active collector who travelled widely, and 
through the years he accumulated a fine personal collec- 
tion of varied West American marine and non-marine 
molluscan shells. This well-curated collection contains 
excellent collecting data, and it is an important malaco- 
logical resource. The major portion of his collection will 
be transferred to the California Academy of Sciences. 


Allyn had a great interest in old collections and collec- 
tors, and he avidly pursued the vagaries of bibliography 
and geography to preserve or recover important speci- 
mens and data. He was interested in people generally, 
and his friends and correspondents were numerous and 
widespread. He participated actively in malacological 
organizations, and he was a charter member and served 
as principal officer of most of them. He was a charter 
member, director, vice-president, and member of the 
editorial board of the California Malacozoological Soci- 
ety, Inc. He served the Society and The Veliger long and 
well. 

Allyn had a long, close and mutually rewarding associ- 
ation with the California Academy of Sciences. For many 
years he was a Research Associate in the Department of 
Geology. After his retirement from the Telephone Com- 
pany in 1954 he served for five years as Research Malaco- 
logist and Assistant to the Director of the Academy. 
When the Department of Invertebrate Zoology was re- 
activated in 1960, Allyn was appointed Associate Curator, 
and later served as Chairman of the Department from 
1963 to his second retirement in 1972, when he resumed 
the position of Research Associate in Malacology in the 
Department of Geology. Under his direction the Depart- 
ment of Invertebrate Zoology developed one of the major 
collections in the United States. The deaths, within a few 
years, of G Dallas Hanna, Leo G. Hertlein and Allyn G. 
Smith have ended an era at the Academy. 

Allyn Smith had wide interests, and exceptional energy 
and productivity. He was ever a man in motion, but he 
always had time to listen to others and offer advice and 
opinions from his fund of knowledge of mollusks and 
people. During the last years he came weekly to the 
Academy, and while there much of his time was spent 
talking with the many people who had been saying, “I 
need to see Allyn; when will he be in?” Sadly, we cannot 
have his counsel again. 


Peter U. Rodda 
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Rectification of West Coast Chiton Nomenclature 


(Mollusca : Polyplacophora) 


ALLYN G. SMITH 


Research Associate, California Academy of Sciences 
Golden Gate Park, San Francisco, California 94118 


FoR MANY YEARS, malacologists interested in the large 
chiton fauna occurring along the West Coast of North 
America have found identification of a number of 
described species difficult, if not impossible. This is because 
the original descriptions of some are totally inadequate and 
also because the type specimens of these and others never 
have been illustrated. Included among such species are 
several described by Philip P. Carpenter and a number of 
others described by William H. Dall, especially in the lat- 
ter’s “Descriptions of new species of chitons from the Pacific 
Coast of America” published in 1919 by the United States 
National Museum of Natural History. 

In order to alleviate the current difficulties with identi- 
fications of West Coast chitons, I started several years ago 
a program of borrowing type specimens, a few at a time, 
for study purposes. At the same time, in order to have a 
permanent record, I made 35 mm color transparencies 
of whole specimens where possible and of valves or valve 
fragments separately where types had been disarticulated 
or were damaged or incomplete. These color slides have 
been deposited in the Color Slide Series of the Department 
of Invertebrate Zoology, California Academy of Sciences, 
San Francisco (CASIZ), and thus are available for study 
or duplication as may be desired. 

Chiton types have been loaned by the Division of Mol- 
lusks, United States National Museum of Natural History, 
Washington, D.C., through the courtesy of Drs. Harald 
Rehder, Joseph Rosewater, and Clyde F. E. Roper; by the 
Academy of Natural Sciences of Philadelphia through the 
courtesy of Dr. Robert Robertson and Mrs. Virginia Orr 
Maes; by the Peter Redpath Museum, McGill University, 
Montreal, Canada, through the courtesy of Dr. Vincent 
Condé; and by the San Diego Museum of Natural History 
(San Diego Society of Natural History) through the cour- 
tesy of its now retired Curator of Mollusks, Mr. Emery P. 
Chace. The interest shown and the assistance afforded by 
these respective curators of the various type repositories 
is acknowledged with appreciation and thanks. 


Conclusions reached from a study of the type specimens 
and other pertinent evidence are summarized in Table 1, 
which lists the name as originally published and the equiv- 
alent name now believed to be appropriate. Of a total of 
76 species names considered, 47 are reduced to the status 
of synonyms, which results in a considerable simplification 
of West Coast chiton nomenclature. Of the remaining 29 
names, 4 are left in the category of nomina inquirenda for 
future taxonomic determination. The balance of 25 names 
require no taxonomic changes at the species level. Type 
specimens for a number of the latter were borrowed for 
comparison with other related types, to confirm the cor- 
rectness of our modern concepts of these species, and to 
provide a photographic record on 35 mm color slides for 
reference purposes. In a few instances, it was not con- 
sidered necessary to borrow available type specimens inas- 
much as reasonable taxonomic conclusions could be 
arrived at from the evidence already available, without 
recourse to the actual types. As will be evident from a re- 
view of Table 1, it has been necessary to change generic 
and even family assignments from those proposed origin- 
ally. 

No attempt has been made to cover all chiton species 
occurring along the West Coast of the Americas in this 
report, which has been limited, for the most part, to those 
living along the coasts of California, the Pacific Northwest, 
including Alaska, with the addition of a few from the Pan- 
amic Faunal Province. This is true particularly for species 
in the family Lepidopleuridae, which likewise are difficult 
to identify for lack of adequate illustrations or other infor- 
mation based on type or authoritatively-identified speci- 
mens. 

In reaching conclusions on West Coast chiton nomen- 
clature I have had much assistance from several sources 
over a considerable period of time in addition to the 
opportunity to work with actual type specimens. In con- 
nection with her study of Carpenter’s types in the Redpath 
Museum, Dr. Katherine V. W. Palmer furnished me with 
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Table 1 
Original Name Current Equivalent 
ISCHNOCHITONIDAE 


Ischnochiton acelidotus Dall, 1919 

Ischnochiton (Radsiella) aethalotus Dall, 1919 

Ischnochiton (Stenoplax) aethonus Dall, 1919 

Ischnochiton (Ischnochiton) aureotinctus Carpenter in Pilsbry, 
1892 

Ischnochiton berryi Dall, 1919 

Ischnochiton biarcuatus Dall, 1903 

Ischnochiton brunneus Dall, 1919 

Ischnochiton bryanti Dall, 1919 

Ischnochiton (Lepidozona) californiensis Berry, 1931 

Ischnochiton (Lepidozona) catalinae Willett, 1931 

Ischnochiton cooperi acutior Carpenter in Dall, 1919 

Ischnochiton (Ischnochiton) corrugatus Carpenter in Pilsbry, 1892 

Ischnochiton (Ischnochiton) decipiens Carpenter in Pilsbry, 1892 

Chiton dentiens Gould, 1846 

Ischnochiton eucosmius Dall, 1919 

Ischnochiton exanthematus Dall, 1919 

Ischnochiton (Lepidozona) gallina Berry, 1925 

Ischnochiton (Lepidozona) golischi Berry, 1919 

Chiton interstinctus Gould, 1846 

Ischnochiton listrum Dall, 1919 

Ischnochiton mariposa Dall, 1919 

Ischnochiton (Ischnochiton) newcombi Carpenter in Pilsbry, 1892 

Ischnochiton ophioderma Dall, 1908 

Lepidopleurus pectinulatus Carpenter in Pilsbry, 1893 

Chiton petaloides Gould, 1846 

Leptochiton punctatus Whiteaves, 1886 

Ischnochiton (Ischnochiton) radians Carpenter in Pilsbry, 1892 

Ischnochiton (Trachydermon) retiporosus Carpenter, 1864 

Ischnochiton ritteri Dall, 1919 

Ischnochiton sarcosus Dall, 1919 

Ischnochiton (Lepidopleurus) scabricostalus Carpenter, 1864 

Ischnochiton (Ischnochiton) sinudentatus Carpenter in Pilsbry, 
1892 

Ischnochiton stearnsii Dall, 1902 

Ischnochiton (Ischnochiton) subclathratus Pilsbry, 1893 

Ischnochiton (Trachydermon) trifidus Carpenter, 1864 

Ischnochiton venezius Dall, 1919 

Ischnochiton veredentiens Carpenter, 1864 

Ischnochiton (Lepidozona) willetti Berry, 1917 


Ischnochiton acelidotus Dall, 1919 

Ischnochiton (Radsiella) tridentatus Pilsbry, 1893 
Stenoplax aethona (Dall. 1919) 

A nomen inquirendum 


Lepidozona sinudentaia (Carpenter in Pilsbry, 1892) 
Stenoplax corrugata (Carpenter in Pilsbry, 1892) 
Lepidozona pectinulata (Carpenter in Pilsbry, 1893) 
Lepidozona pectinulata (Carpenter in Pilsbry, 1893) 
Lepidozona pectinulata (Carpenter in Pilsbry, 1893) 
Lepidozona willetti (Berry, 1917) 

Lepidozona cooperi (Pilsbry, 1892) 

Stenoplax corrugata (Carpenter in Pilsbry, 1892) 
Lepidozona sinudentata (Carpenter in Pilsbry, 1892) 
Cyanoplax dentiens (Gould, 1846) 

Ischnochiton eucosmius Dall, 1919 

Ischnochiton acelidotus Dall, 1919 

Lepidozona sinudentata (Carpenter in Pilsbry, 1892) 
Lepidozona scabricostata (Carpenter, 1864) 
Ischnochiton interstinctus (Gould, 1846) 
Lepidozona sinudentata (Carpenter in Pilsbry, 1892) 
Ischnochiton petalotdes (Gould, 1846) 

Ischnochiton newcombi Carpenter in Pilsbry, 1892 
Ischnochiton dispar (Sowerby, 1832) 

Lepidozona pectinulata (Carpenter in Pilsbry, 1893) 
Ischnochiton petaloides (Gould, 1846) 

Lepidozona retiporosa (Carpenter, 1864) 
Ischnochiton interstinctus (Gould, 1846) 
Lepidozona retiporosa (Carpenter, 1864) 
Ischnochiton (Tripoplax) trifidus (Carpenter, 1864) 
Stenoplax conspicua (Carpenter in Dall, 1879) 
Lepidozona scabricostata (Carpenter, 1864) 
Lepidozona sinudentata (Carpenter in Pilsbry, 1892) 


Ischnochiton stearnsiz Dall, 1902 

Lepidozona clathrata (Reeve, 1847) 

Ischnochiton (Tripoplax ) trifidus Carpenter, 1864 
Lepidozona retiporosa (Carpenter, 1864) 

A nomen inquirendum 

Lepidozona willetti (Berry, 1917) 


SCHIZOPLACIDAE 


Schizoplax multicolor Dall, 1920 


Schizoplax brandtti (Middendorff, 1847) 
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Table 1 (continued) 


Original Name Current Equivalent 
CALLISTOPLACIDAE 
Callistochiton acinatus Dall, 1919 Callistochiton palmulatus Carpenter in Pilsbry, 1893 
Callistochiton celetus Dall, 1919 Callistochiton palmulatus Carpenter in Pilsbry, 1893 
Callistochiton chthonius Dall, 1919 Callistochiton decoratus Pilsbry, 1893 
Callistochiton connellyi Willett, 1937 Callistochiton palmulatus Carpenter in Pilsbry, 1893 
Callistochiton cyanosus Dall, 1919 Callistochiton decoratus Pilsbry, 1893 
Callistochiton decoratus punctocostatus Pilsbry, 1896 Callistochiton decoratus Pilsbry, 1893 
Callistochiton fishert Dall, 1919 A nomen inquirendum 
Acanthopleura fluxa Carpenter, 1864 Nuttallina fluxa (Carpenter, 1864) 
Callistochiton periconis Dall, 1908 Callistochiton pulchellus (Gray, 1828) 
CHAETOPLEURIDAE 
Lepidopleurus bullatus Carpenter, 1857 Chaetopleura (Chaetopleura) lurida (Sowerby, 1832) 
Lepidopleurus bullatus calciferus Carpenter, 1857 Chaetopleura (Chaetopleura) lurida (Sowerby, 1832) 
Callistochiton duncanus Dall, 1919 Calloplax duncana (Dall, 1919) 
Chiton jaspideus Gould, 1846 Chaetopleura (Chaetopleura) hennahi (Gray, 1828) 
Nuttallina magdalena Dall, 1919 Chaetopleura (Pallochiton) lanuginosa (Carpenter in Dall, 1879) 
Ischnochiton marmoratus Dall, 1919 Chaetoplura (Chaetopleura) gemma Dall, 1879 
Tonicta mixta Dall, 1919 Chaetopleura (Chaetopleura) mixta (Dall, 1919) 
Ischnochiton parallelus Carpenter, 1864 Chaetopleura (Chaetopleura) lurida (Sowerby, 1832) 
Ischnochiton prasinatus Carpenter, 1864 Chaetopleura (Chaetopleura) lurida (Sowerby, 1832) 
MOPALIIDAE 
Callistochiton aepynotus Dall, 1919 Mopalia sinuata Carpenter, 1864 
Mopalia celetoides Dall, 1919 Mopalia imporcata Carpenter, 1864 
Mopalta chloris Dall, 1919 Mopalia acuta Carpenter, 1855 
Mobpalia goniura Dall, 1919 Mopalia sinuata Carpenter, 1864 
Ischnochiton (Trachydermon) gothicus Carpenter, 1864 Dendrochiton gothicus (Carpenter, 1864) 
Mopalia (Semimopalia) grisea Dall, 1919 Mopalia (Semimopalia) grisea Dall, 1919 
Mopalia imporcata Carpenter, 1864 Mopalia imporcata Carpenter, 1864 
Mopalia kennerleyi Carpenter, 1864 Mopalia ciliata (Sowerby, 1840) 
?Chaetopleura lactica Dall, 1919 Mopalia acuta Carpenter, 1864 
Mopalia lowei Pilsbry, 1918 Mopalia lowe: Pilsbry, 1918 
Mopalia pedroana Willett, 1932 Mopalia acuta Carpenter, 1864 
Chaetopleura rosetta Bartsch MS Dendrochiton thamnoporus Berry, 1911 
Mopalia sinuata Carpenter, 1864 Mopalia sinuata Carpenter, 1864 
Placiphorella borealis Pilsbry, 1893 Placiphorella borealis Pilsbry, 1893 
Chiton (Molpalia) stimpsoni Gould, 1859 Placiphorella stimpsoni (Gould, 1859) 
CHITONIDAE 
Nuttallina allantophora Dall, 1919 ?Liolophura japonica (Lischke, 1873) 
Tonicta pustulifera Dall, 1919 A nomen inquirendum 
Lophyrus striatosquamosus Carpenter, 1857 Chiton articulatus Sowerby, 1832 
ACANTHOCHITONIDAE 


Acanthochitona angelica Dall, 1919 Acanthochitona avicula (Carpenter, 1864) 
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a set of black-and-white prints enlarged from negatives 
taken of a number of Carpenter’s types in that Museum. 
In 1947, Dr. S. Stillman Berry of Redlands, California. 
visited the United States National Museum of Natural 
History with the objective, among others, of studying 
Carpenter’s and Dall’s unfigured chiton types. He prepared 
a set of notes covering his conclusions based on this study 
for his personal use and gave me a copy for my own infor- 
mation, for which I am greatly indebted. Although 
Dr. Berry's conclusions were preliminary and not meant 
for publication, his taxonomic allocations have proved to 
be correct. for the most part. and many of my own conclu- 
sions from a subsequent analysis of the same type specimens 
are reflections of them. Also, I have had the advantage of 
receiving a set of black-and-white prints of chiton types in 
the United States National Museum of Natural History 
from negatives made in 1962 by Dr. James H. McLean of 
the Department of Invertebrate Zoology, Los Angeles 
County Museum of Natural History, during a visit to the 
Division of Mollusks for the purpose of photographing 
type specimens of marine mollusks, including the chitons. 
In addition, during a visit to the British Museum of 
Natural History in London, Dr. Myra Keen of the Depart- 
ment of Geology, Stanford University, made photographs 
and sketches of several West Coast chiton types in that 
Museum. Finally, I have had the benefit of taxonomic con- 
clusions arrived at more recently by Dr. Antonio J. Ferreira 
of San Jose, California, based on chiton types he has bor- 
rowed in connection with his current study of species in 
the genus Lepidozona and of others from the West Coast 
of North America. He has taken 35 mm color transparen- 
cies of types and other specimens, which he has also been 
good enough to deposit in the CASIZ Color Slide Series 
of the California Academy to supplement as well as to 
duplicate some of my own slides. 

No complete. annotated, up-to-date list of the chitons 
of the West Coast is currently available. The most compre- 
hensive lists that have been published recently are by 
Burghardt and Burghardt (1969b), limited to species 
occurring for the most part from southern California north 
to Alaska; by Thorpe (in Keen, 1971), covering chitons 
living in the Panamic Faunal Province; and by Abbott 
(1974), covering both Atlantic and Pacific Coast species. 
These authors have done some synonymizing of West Coast 
chiton names without providing background information 
for making such taxonomic changes although some of them 
turn out to be correct assignments. The following discus- 
sions of species-name relationships aim to provide objective 
data supporting these and other taxonomic changes in 
order to place the West Coast chiton fauna in a sounder 
and more realistic perspective. 


TAXONOMIC NOTES 


Family ISCHNOCHITONIDAE Dall, 1889 


Ischnochiton acelidotus Dall, 1919 


Ischnochiton acelidotus Dall, 1919:506 


Holotype: U.S.N.M. No. 122731. 


Type locality: “Magellan Straits in 7714 fathoms, ooze, 
bottom temperature 46.9°, United States Fish Commission 
steamer Albatross.” 


Remarks: This medium-sized species is based on a single 
specimen preserved dry with the animal intact; it 1s some- 
what curled. Dall’s description of both sculptural and 
girdle characters is adequate. He did not attempt to dis- 
articulate the type but compromised by exposing the ends 
of the head and tail valves, evidently while the animal was 
still in alcohol, so as to bare the insertion plates for a count 
of the slits and teeth. Dall says “‘the pleural tracts have 
six to eight widely spaced slender axial threads,” which I 
would term longitudinal lirations, and which, to me, seem 
to be placed in such a manner as to give the pleural areas 
a ‘“‘clap-boarded” aspect. 

The girdle ornamentation is unlike any that I am fami- 
liar with for West Coast species of Ischnochiton. Dall’s 
characterization of them as small spinules is apt as they 
are very different from the usual type of elongate-ovate, 
overlapping girdle scales occurring in species allocated to 
the genera Ischnochiton and Lepidozona. They are quite 
elongate, closely packed, and arranged in a position almost 
perpendicular to the basal plane of the girdle. Somewhat 
similar girdle ornamentation occurs on the deep-water 
species Ischnochiton stearnsit Dall, 1902, and J. abyssicola 
Smith & Cowan, 1966, the dorsal surfaces of which present 
a ‘‘pebbly” appearance to the girdles due to the rounded 
tops of the individual “‘scales”’ in these two species. 

Dr. Antonio Ferreira, who has borrowed the types of 
both Ischnochiton acelidotus and I. exanthematus Dall, 
1919, for study, has concluded that these two forms are 
conspecific. After studying the types myself, I have come 
to the same conclusion. It is difficult to see why Dall 
described the two type specimens as belonging to different 
species not only because of the conchological characters, 
which are practically identical, but also because both were 
dredged in the same general area (the Straits of Magellan) 
in approximately the same depths (7714 fathoms [142m] 
for I. acelidotus and 61 fathoms [112m] for J. exanthe- 
matus. 
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Despite the fact that Ischnochiton exanthematus has 
page priority, I would treat this species as a synonym of 
I. acelidotus because the type specimen of the latter species 
is larger and exhibits the characters of this South American 
chiton somewhat better than the type of J. exanthematus. 
Color slides of the type specimen are CASIZ Nos. 3140- 
3144 (AGS and No. 3150 (Ferreira)). 

The taxonomic position of Ischnochiton acelidotus in 
the family Ischnochitonidae is uncertain. It, J. stearnsii 
and I. abyssicola do not appear to be at all closely related 
to other West Coast Ischnochitons. Eventually, a new sub- 
generic or possibly a generic taxon may have to be created 
in order to accommodate them. 


Ischnochiton (Radsiella) aethalotus Dall, 1919 


Ischnochiton (Radsiella) aethalotus Dall, 1919:508-509. 
KEEN, 1958:522. 

Ischnochiton aethalotus Dall, 1919. THoRPE (in KEEN, 1971): 
869 (syn. of Radsiella tridentata (Pilsbry, 1893)). 


Holotype: U.S.N.M. No. 55806c. 
Type locality: “Gulf of California (Fisher)’. 


Remarks: The holotype measures; length, 12; width, 6; 
height, 2 mm. It has been disarticulated, with valves i, 
li, vil, and viil separate. Few, if any of the girdle scales 
remain. The slit-formula is given as 18 - 2 - 11 but the head 
valve actually has 13 slits, a difference that may be within 
the limits of individual variation, or what seems more 
likely, a typographical error the original 13 being printed 
as 18. Dall makes the particular point in his description of 
the “relatively large brownish (ocular) pustules” that are 
scattered irregularly over all the valves. These definitely 
are adventitious; they can be rubbed off and are not part 
of the valve tegmentum structure. 

Study of the holotype leaves no doubt of the fact that 
Dall has re-described a subadult specimen of Ischnochiton 
(Radsiella) tridentatus Pilsbry, 1893, which is a common 
species occurring in the upper Gulf of California. Although 
placed in the synonymy of J. tridentatus by THorPE (in 
Keen, 1971) with no supporting evidence for such a step, 
this allocation now is confirmed. 

Color slides (35 mm) of the holotype of Ischnochiton 
aethalotus have been deposited in the California Academy 
of Sciences Department of Invertebrate Zoology Color 
Slide Series (CASIZ) as Nos. 2185, 2186. 


Ischnochiton (Stenoplax) aethonus Dall, 1919 


Ischnochiton (Stenoplax) aethonus Dall, 1919:507-508. 
Ischnochiton aethonus Dall, 1919. THoRPE (in KEEN, 1971): 
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869 (syn. of Radsiella rugulata (Sowerby, 1832)). 
Stenoplax aethona (Dall, 1919). KEEN, 1958:526. Axssort, 
1974:397 (syn. of S. rugulata). 
Stenoplax aethona (Dall, 1919). KEEN, 1958:526. Apsort, 
1974:397 (syn. of S. rugulata). 


Syntypes: U.S.N.M. No. 218814. 


Type locality: “Near Cape San Lucas, Lower California, in 
10 fathoms.” 


Remarks: This species was collected by the United States 
Fish Commission Steamer Albatross. Dall says it is of the 
same general type as Ischnochiton [= Stenoplax] lima- 
ciformis (Sowerby, 1832) but has a sculpture that is totally 
different from that or from Stenoplax fallax (Carpenter 
in Pilsbry, 1892). Dimensions, presumably of the larger 
specimen, are: L., 11; W., 6.5; H., 4 mm. 

The syntype series of Ischnochiton (Stenoplax) aethonus 
consists of 2 specimens. The smaller of the 2 is complete 
with all valves in place in the girdle. The larger one has 
been partially disarticulated, valves i-iv and vii being in 
place in the girdle; valves v and vi are together but loose, 
along with valve viii, which also is separate. The larger 
of the 2 syntypes is herein designated as the lectotype as it 
shows the characters of the species somewhat better than 
the smaller, which becomes a paralectotype. 

The girdle scales of Stenoplax aethona are very small, 
closely-packed, rather thin, longer than wide, and slightly 
recurved inward. They do not appear striated under fairly 
high magnification. Dr. S. S. Berry (in litt., 15 October 
1959) says the peculiarities of the girdle armature, as 
described by Dall, “. . . were my major reliance in the 
separate recognition of circumsenta [Stenoplax circum- 
senta Berry, 1956], although there would seem to be 
sufficient sculptural differences as well’. 

Along with several other species names, THORPE ( 17 
KEEN, 1971 and Assott (1974) treat Stenoplax aethona 
as-a synonym of Radsiella rugulata (Sowerby, 1832) with- 
out supplying any supporting reasons for such an assign- 
ment. Neither does Thorpe justify his use of the genus 
Radsiella for this and several other Panamic Province 
chiton species. Until proven to be correct, such taxonomic 
treatment is unjustified. 

So far as I have been able to determine, no specimens 
of Stenoplax aethona have been collected since the original 
lot was obtained. Thus, until it is better known and its 
relationships with other West Coast species of Stenoplax 
are understood better than at present, it seems proper to 
consider it as a valid species. Color slides of the holotype 
are deposited as CASIZ Nos. 3311-3315. 
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Ischnochiton (Ischnochiton) aureotinctus 
Carpenter in Pilsbry, 1892 


Ischnochiton (Ischnochiton) aureotinctus Carpenter MS, Pils- 
bry, 1892:123. DaLL, 1921:191. 

Ischnochiton aureotinctus Carpenter in Pilsbry, 1892. KEEP, 
1904:349. Oxproyp 1927:276-277. PALMER, 1945:101. 
BURGHARDT & BURGHARDT, 1969b:16. 

Ischnochiton (Lepidozona) aureotinctus Carpenter in Pilsbry, 
1892. SMITH, 1947b:18 (listed only). PALMER, 1958:272, 
ple. 31, figs. 1-4. 


Holotype: Redpath Museum, Montreal, Canada, No. 26. 
Type locality: “Catalina Is. 80 fm. Cooper, 107 1a.” 


Remarks: The holotype is small, measuring: length, 6.25; 
width, 4 mm; the angle of divergence of the side-slopes 1s 
100°. All of the valves are present, numbers ii, iii, iv, and 
v being together in one piece, the other having valves vi 
and vii together; valves i and viii are separate. Carpenter 
gives the slit-formula as 11 - 1 - 13 although according to 
present count the tail valve has only 6 slits, which is a 
considerable discrepancy. 

Carpenter’s description of this species is meager. He 
compares it to Ischnochiton scabricostatus (Carpenter, 
1864), also dredged off Santa Catalina Island, southern 
California, in 10-20 fathoms. The background sculpture 
consists of low, round separated pustules, giving the dorsal 
valve surfaces a granular appearance in extremely low 
relief. This sculpture is similar, in general, but is not nearly 
as strongly developed as it is on J. newcombi Carpenter in 
Pilsbry, 1893. The lateral areas are only barely discernably 
elevated. The holotype specimen appears to be a juvenile. 
I have seen no other specimens from the same general 
locality exactly like it. However, Dr. Ferreira, who has 
studied the chitons in the Willett Collection recently, 
which now is at the University of California (Los Angeles), 
informs me that one of three in Willett Lot No. 2947 from 
30 fathoms [55m] off Santa Catalina Island, may be an- 
other specimen of J. aureotinctus. 

This species cannot be assigned with any assurance to 
the genus Lepidozona. Probably it should remain a nomen 
inquirendum pending the collection and study of more 
and better material. Color slides of the holotype of Ischno- 
chiton aureotinctus are CASIZ Nos. 3081, 3082 (Ferreira) 
and No. 3088 (AGS). 


Ischnochiton berryi Dall, 1919 


Ischnochiton berryi Bartsch MS. Berry, 1907:51; nomen nu- 
dum. 
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Ischnochiton berryi Dall, 1919:507; 1921:192. OLpRoyp, 1927: 
279. Burcu, 1942:7. Licut’s Manual (2nd ed.), 1954:218 
(listed only). ABBoTT, 1974:395 (?syn. of Lepidozona sin- 
udentata (Carpenter in Pilsbry, 1892) ). 

Ischnochiton (Lepidozona) berryi Dall, 1919. Smitu, 1947b:18 
(listed only). SmitH & Gorpon, 1948:207. 

Lepidozona berry: (Dall, 1919). BuRGHARDT & BURGHARDT, 
1969b:20, 44, plt. 2, fig. 32 (in color). 


Holotype: U.S.N.M. No. 193375. 


Type locality: Pacific Grove, California. 


Remarks: The holotype is complete, dried flat with the 
animal removed. It measures: L., 10.5; W., 6.3; H., 2.7mm. 
Dall gives the slit-formula as being ca. 12-1-11. The 
species is relatively high-arched, reddish in color, and 
similar in configuration and sculpture as well as color to 
specimens dredged fairly commonly on the shale bed in 
Monterey Bay, off Pacific Grove and Del Monte in approx- 
imately 10 fathoms [18.3m]. Dall (1921:192) gives the 
range as ‘Monterey to San Pedro, California’’. 

Relationship of Ischnochiton berryi to Lepidozona sinu- 
dentata (Carpenter in Pilsbry, 1892) is very close and for 
many years I considered it a subtidal zone form of this 
uncommon low intertidal zone species. It occurs in several 
color patterns, including the alternating dark and light- 
banded one that has been called the “gallina type” from 
Ischnochiton (Lepidozona) gallina Berry, 1925, from off 
White’s Point, Los Angeles County, California (see Burg- 
hardt & Burghardt, 1969b, plt. 2, fig. 30). The Burghardt 
& Burghardt illustration of the “berry: type”’ (plt. 2, fig. 32) 
represents a specimen of L. sinudentata of the typical 
whitish color with grayish-green splotches found normally 
in the low intertidal zone of the Monterey Bay area and 
not the dredged, higher arched, reddish form typical of 
L. berryi. 

I am now convinced that Ischnochiton berry: and I. 
decipiens Carpenter in Pilsbry, 1892, are conspecific 
although this allocation is a subjective one as type material 
of the latter species apparently does not exist. If this be 
accepted, it seems logical to indicate both species names 
as synonyms of Lepidozona sinudentata (Carpenter in 
Pilsbry, 1892), which provides much broader coverage for 
this species both in bathymetric as well as geographic range 
than has heretofore been allowed. 

Color slides of the holotype of Ischnochiton berryt are 
CASIZ Color Slide Series Nos. 2960, 2961 (AGS) and 
Nos. 3094, 3095 (Ferreira). 
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Ischnochiton biarcuatus Dall, 1903 


Ischnochiton biarcuatus Dall, 1903b:176. Lowe, 1904:19. 


AssorTt, 1974:397 (syn. of Stenoplax corrugata (Carpen- 


ter in Pilsbry, 1892)). 

Ischnochiton (Stenoplax) biarcuatus Dall, 1903. Datu, 1921: 
190. OtpRoyp, 1927:271. SmiTH, 1947b:18 (listed only); 
1947c:6. 

Stenoplax biarcuatus (Dall, 1903). BurGHARDT & BURGHARDT, 
1969:35 (syn. of S. corrugata). 


Holotype: U.S.N.M. No. 109308. 


Type locality: “Off Avalon [Santa Catalina Island, Cali- 
fornia], 50 fms. H. N. Lowe.” 


Remarks: The holotype measures: L., 18; W., 7 mm. It 
has been disarticulated; there are several small pieces of 
what is left of the girdle. Dall says: “The peculiar sculpture 
of this species separates it from those already described 
from this region. In a general way it recalls the very young 
of I. magdalenensis Hinds.” 

From a study of the holotype, my conclusion is that 
most certainly Ischnochiton biarcuatus and Stenoplax 
corrugata (Carpenter in Pilsbry, 1892) are conspecific. A 
35 mm color slide of the holotype of I. biarcuatus is CASIZ 
No. 2203 (AGS). 


Ischnochiton brunneus Dall, 1919 


Ischnochiton brunneus Dall, 1919:504. Otproyp, 1927:271. 
BURGHARDT & BURGHARDT, 1969b:16 (with syn. I. bryanti 
Dall, 1919). ABpotr, 1974:395. 

Ischnochiton (Ischnochiton) brunneus Dall, 1919. Dall, 1921: 
190. SmitH, 1947b:18 (listed only). 


Holotype: U.S.N.M. No. 58734a. 
Type locality: “San Diego, Cal. H. Hemphill.” 


Remarks: The holotype is preserved dry with the dried-in 
animal and is nicely flattened. Measurements are: L., 18; 
W., 12; H., 3 mm. The anterior end of the girdle is some- 
what damaged, and there is a small nick in the posterior 
end. Without question, it is a subadult of the species de- 
scribed subsequently as Lepidozona californiensis (Berry, 
1931), which, as will be shown later herein, should be 
relegated to the synonymy of Lepidozona pectinulata 
(Carpenter in Pilsbry, 1893). 

Color slides of the holotype of Ischnochiton brunneus 
are CASIZ Nos. 2972, 2973 (AGS) and Nos. 3107, 3108 
(Ferreira). 
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Ischnochiton bryanti Dall, 1919 


Ischnochiton bryanti Dall, 1919:503. BuRGHARDT & BuRc- 
HARDT, 1969b:16 (syn. of J. brunneus Dall, 1919). ApBort, 
1974:395, 

Ischnochiton (Ischnochiton) bryanti Dall, 1919. Datt, 1921: 
190. SauTH, 1947b:18 (listed only). 


Holotype: U.S.N.M. No. 253826. 
Type locality: “ ‘California’ F. W. Bryant.” 


Remarks: The holotype is preserved dry and flat; it has 
been partly disarticulated, valves i and viii being separate. 
Measurements are: L., 9; W., 5.5; H., 2mm. Dall gives 
the slit-formula as 13 to 14 - 1 - 11. There is little question 
but that the holotype of Ischnochiton bryanti, like I. brun- 
neus, preceding, is a subadult of the common intertidal 
zone southern California species of Lepidozona, which I 
now consider should be identified as L. pectinulata (Car- 
penter in Pilsbry, 1893) with synonyms Ischnochiton 
brunneus, I. bryanti, and I. (Lepidozona) californiensis 
Berry, 1931. 

Color slides of the holotype of Ischnochiton bryanti are 
CASIZ Nos. 2965, 2965A (AGS) and No. 3109 (Ferreira). 


Ischnochiton (Lepidozona) californiensis Berry, 1931 


Ischnochiton (Lepidozona) californiensis Berry, 1931:255- 
258, plt. 29, figs. 1-2. SmitH, 1947b:18 (listed only). 
SMITH & Gorpon, 1948:207. PALMER, 1958:272-273, plt. 
31, figs. 5, 6. 

Ischnochiton californiensis Berry, 1931. THorpE, 1962:205. 

Lepidozona californiensis (Berry, 1931). SmiTH, 1960:56, fig. 
38,8 (Pleistocene). McLean, 1969:64, fig. 35,5. Burc- 
HARDT & BURGHARDT, 1969b:20, 43, pit. 2, fig. 26 (in 
color). PHitirps, 1971:22. ABnott, 1974:395. 


Types: Holotype in Berry Collection, author's register 
No. 1699 (Cat. No. 5226). Paratypes in Berry Collection 
(Cat. No. 3119), San Diego Museum of Natural History, 
British Museum (Natural History), Academy of Natural 
Sciences of Philadelphia, Stanford University Department 
of Geology, and the United States National Museum of 
Natural History. 


Type locality: “Rocky shore near the Scripps Institution 
of Oceanography, La Jolla, California; between tides; 
S. S. Berry coll., February-March, 1913.” 


Remarks: Berry (1931) clears up the confusion that had 
existed over the specific identity of his southern California 


Page 222 


THE VELIGER 


Vol. 19; No. 3 


form and the common Panamic Province Lepidozona 
clathrata (Reeve, 1847), separating the two on the basis of 
conchological characters as well as on geographic grounds. 
Also. he provides a synonymy for L. californiensis, which 
involves three other species names (pectinalus, pectinu- 
latus, and clathratus) and discusses their taxonomic rela- 
tionships. Much the same area is covered by Palmer (1958). 

The holotype of Lepidozona californiensis has not been 
available for study but a paratype was loaned through the 
courtesy of the Academy of Natural Sciences of Philadel- 
phia (ANSP No. 161,525). Because this southern Cali- 
fornia intertidal zone species now is well known, there are 
no difficulties in identifying it thanks to S. S. Berry’s excel- 
lent analysis and good illustrations. 

My conclusion that Lepidozona californiensis should 
be treated as a synonym of L. pectinulata (Carpenter in 
Pilsbry, 1893) is discussed in the notes on this latter species, 
herein. 

Color slides of the paratype in the Academy of Natural 
Sciences of Philadelphia (No. 161525) are CASIZ 
Nos. 2968, 2968A, 2969, and 2969A (AGS). 


Ischnochiton (Lepidozona) catalinae Willett, 1941 


Ischnochiton (Lepidozona) catalinae Willett, 1941:185-186, 
plt. 31, fig. 2. SmitH, 1947b:18 (listed only). SmiTH & 
Gorpon, 1948:207 (error in identification). 

Lepidozona catalinae (Willett, 1941). BuRGHARDT & Burc- 
HARDT, 1969b:20-21. Appott, 1974:396. 


Types: Holotype in the Los Angeles County Museum of 
Natural History, No. 1063. Paratypes in the Willett Col- 
lection (University of California at Los Angeles), the 
Academy of Natural Sciences of Philadelphia, and the 
private collection of A. G. Smith (now California Academy 
of Sciences Geology Type Collection, No. 10263). There 
was a total of 12 specimens in the type lot. 


Type locality: “Off White’s Landing, Catalina Island, in 
30 fathoms. Collected by G. Willett.” 


Remarks: The holotype, which is preserved dry and flat, 
measures: L., 16.2; W., 9.2; H., 3.2mm; the slit-formula 
is 10-1 - 10. Willett’s comparison of his southern Califor- 
nia dredged specimens with the common, more northern, 
intertidal zone Lepidozona mertensii (Middendorff, 1847) 
is unfortunate as the two species are not closely related 
except for being in the same genus. Lepidozona catalinac 
is much more closely related to L. willetti Berry, 1917, 
from 15-20 fathoms [27.4-36.6m] off Forrester Island, 
southeast Alaska, and possibly to L. golischi [ = L. scabri- 


costala (Carpenter, 1864) ] originally from 100 fathoms off 
Santa Monica, Los Angeles County, California, and more 
recently from several other deeper-water West Coast 
localities. 

So far as I know, Lepidozona catalinae and L. willetti 
are determined with certainty only from their respective 
type localities. Although Smith & Gordon (1948) reported 
a single, somewhat damaged specimen of L. catalinae from 
40 fathoms [73.2m] in Monterey Bay, a re-examination 
has proved this to be a misidentification, leaving its true 
identity problematical. Following an examination and 
direct comparison of type specimens of L. willetti and L. 
catalinae, Dr. Antonio Ferreira concludes they are con- 
specific. He says (in litt., 29 May 1974): “Seen side by 
side, the ‘virtual paratype’ of L. willetti and the holotype 
of L. catalinae are identical except for a banded girdle in 
the latter; even the distinctive color, the Mikado brown, 
is the same in both”. Based on his more intimate recent 
familiarity with the West Coast Lepidozonas, I believe 
Dr. Ferreira’s taxonomic conclusion is reasonable in this 
instance and therefore is the correct one to follow in future. 

Color slides of the holotype of Lepidozona catalinae are 
CASIZ Nos. 3111-3113 (Ferreira). No. 3113 provides a 
comparison between the holotype and an authentic speci- 
men of L. willetti. 


Ischnochiton cooperi acutior 
Carpenter in Dall, 1919 


Ischnochiton coopert acutior Carpenter MS, Dall, 1919:508; 
1921:192 (in sec. Lepidozona). Oxproyp, 1927:282 (in 
sec. Lepidozona); WiLLETT, 1935:44; PALMER, 1945:101; 
1958:274, plt. 34, figs. 1-6. 

Ischnochiton (Ischnochiton) acutior Carpenter in Dall, 1919. 
Dati, 1921:192 (in sec. Lepidozona). 

Lepidozona acutior (Carpenter in Dall, 1919). Apsortr, 1974: 
395 (syn. of L. cooperi Pilsbry, 1892). 


Types: Holotype in U.S.N.M. No. 30734 (marked “type”. 
Redpath Museum, Montreal, Canada, No. 8 (6 specimens) 
and No. 18 (5 specimens). The Redpath Museum speci- 
mens also are labeled “‘type’’ according to Dr. Katherine 
Palmer (1958). 


Type localities: For the U.S.N.M. holotype: ‘Todos San- 
tos Bay (Hemphill); for Redpath Museum No. 8: “‘Sta. 
Cruz Cooper False Bay near San Diego collected by Hemp- 
hill”; for Redpath Museum No. 18: “Todos Santos Bay 
collected by Hemphill”. 


Remarks: As Dr. Palmer has stated, this species (or sub- 
species) never was adequately described by Dall. Also, the 
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unusual plethora of so-called “types” leaves the true holo- 
type and its type locality in doubt. In order to clarify this 
situation, I select U.S.N.M. No. 30734 as the lectotype, 
and the type locality as Todos Santos Bay, Lower Califor- 
nia. Since this specimen evidently was collected in ‘Todos 
Santos Bay by Hemphill along with the 5 other specimens 
in the Redpath Museum (No. 18), these latter are hereby 
designated paralectotypes. The other 6 “types” come from 
two widely separated localities: Santa Cruz on Monterey 
Bay, California, collected by Dr. James G. Cooper; and 
False Bay [= Mission Bay] a short distance north of San 
Diego, California. I would not therefore rate these para- 
lectotypes although they may be of some historical interest. 

Many years ago, the late George Willett sent me an 
excellent black-and-white photograph of the holotype in 
the U.S. National Museum of Natural History (No. 30734). 
Subsequently this was borrowed and photographed in 
color; the slide is deposited as CASIZ No. 2048 (AGS). 
The specimen is preserved dry and flat; its length is 
12.1mm. Illustrations of it, including the excellent ones 
provided by PALMER (1958), leave no doubt that Lepi- 
dozona cooperi acutior merely represents a young phase of 
L. cooperi (Pilsbry, 1892) with the sharp and unworn 
sculpture that is typical on subadult and also on subtidal 
zone specimens of the nominate species. 


Ischnochiton (Ischnochiton) corrugatus 
Carpenter in Pilsbry, 1892 


Ischnochiton (Ischnochiton) corrugatus Carpenter MS, Pils- 
bry, 1892:123-124. Dati, 1921:192. 

Ischnochiton corrugatus Carpenter. KeEp, 1904:349. OLp- 
ROYD, 1927:279. PALMER, 1945:101. 

Ischnochiton (Stenoplax) corrugatus Carpenter in Pilsbry, 
1892. SmiTH, 1947b:18 (listed only); 1947c:7-8; PALMER, 
1958:271, pit. 29, figs. 5-8. 

Stenoplax corrugata (Carpenter in Pilsbry, 1892). SmitH, 
1963:148; BURGHARDT & BURGHARDT, 1969b:35 (with syn. 
S. biarcuata (Dall, 1903)); Appotr, 1974:396-397 (with 
syn. Ischnochiton biarcuatus Dall, 1903). 


Holotype: Redpath Museum, No. 37. 
Type locality: “Catalina Is. 40 fms. 1070 Cooper no. 1068.” 


Remarks: Pitspry (1892) gives the range of Ischnochiton 
corrugatus as: “Catalina Is. beach to 40 fms. (Cooper, 
Cal State Coll. Nos. 1066, 1070, 1074; Todos Santos Bay 
(Hemphill), California [sic].’’ Measurements of a speci- 
men are given as: L., 13.75; W., 7mm; divergence of side- 
slopes 90°-100°. Smith (1947c) describes a single speci- 
men dredged by John Q. Burch in 25 fathoms [45.7m] 
off Redondo Beach, Los Angeles County, California, and 
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mentions another (1963) dredged in 26 fathoms [47.6m] 
off Guadalupe Island, Mexico. 

I have not seen the specimens in the U.S. National 
Museum of Natural History or in the Redpath Museum. 
The location of Cooper’s specimens, originally said to 
have been in the California State Collection, is not known 
to me. However, in the California Academy of Sciences 
Geology Type Collection there is a ‘‘metatype”’, No. 2894, 
labeled as collected in Todos Santos Bay, Lower Califor- 
nia, by Hemphill and identified by P. P. Carpenter. It 
measures: length, 21.9; width, 8.1mm. This should be 
rated as a paratype as there is good reason to believe it is 
one of those in Hemphiill’s original lot. 

In spite of Carpenter’s initial placement of corrugatus 
in the genus Ischnochiton, Pilsbry believed it should be 
treated as a Stenoplax, which undoubtedly it is on the basis 
of valve configuration and sculpture. Ischnochiton biar- 
cuatus Dall, 1903, is a synonym of Stenoplax corrugata, 
as indicated earlier herein. 

A color slide of the ‘““metatype” in the California Acad- 
emy of Sciences is CASIZ No. 2667 (AGS). Slides of 
another specimen from one of the Santa Barbara Channel 
Islands are Nos. 2554, 2555 (Ferreira). 


Ischnochiton (Ischnochiton) decipiens 
Carpenter in Pilsbry, 1892 


Ischnochiton (Ischnochiton) decipiens Carpenter MS, Pilsbry, 
1892:123; 1898a:288 (as “Ischnochiton (decipiens var.?) 
sinudentatus Cpr.”). DALL, 1921:192 (in sec. Lepidozona 
Pilsbry, 1892); OLpRoyp, 1927:282-283 (in sec. Lepido- 
zona); SMITH, 1947b:18 (listed only); SMITH & GORDON, 
1948:207. 

Ischnochiton decipiens Carpenter in Pilsbry, 1892. KEeEp, 
1904:349; Witxetr, 1935:43-44 (with syn. I. (Lepidozona) 
gallina Berry, 1925); Burcu, 1942:7; Burcu & BURCH, 
1943a:5; PALMER, 1958:274. 

Lepidozona decipiens (Carpenter in Pilsbry, 1892). Burc- 
HARDT & BURGHARDT, 1969b:21 (?syn. of L. sinudentata 
(Carpenter in Pilsbry, 1892)); Apgorr, 1974:395 (with 
syn. L. gallina). 


Holotype: Location unknown; presumably lost. 
Type locality: Monterey, California. 


Remarks: Carpenter’s meager description of this species, 
as quoted by Pilsbry in the Manual of Conchology (1892), 
consists of two sentences, as follows: 


“Shell exactly like pectinulatus, but reddish, elevated, 
the jugum acute; scales of the girdle small, striated. 
“Length, 15, breadth 714 mill.; divergence 105°. 
Cpr.). 
Monterey, California.” 
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Because the type or other authentic specimens of I. 
decipiens have not turned up. the species never has been 
illustrated. Although the name decipiens has been used 
on labels for specimens of the subtidal zone southern 
California chiton of the lésfrim-gallima type of sculpture 
by Willett. J. Q. Burch. and others, such usage has no 
authoritative basis. Pilsbry (1898) mentions “Jscino- 
chiton (decipiens var.?) sinudentatus Cpr.” collected 
(probably dredged) by Dr. Harold Heath at Pacific Grove. 
California. 

I am convinced that what Carpenter called Ischno- 
chiton decipiens is the sameas I. berry? Dall, 1919. and thus 
isan earlier name for the Dall species. The reasons for this 
conclusion are these: 


(a) The phrase “exactly like pectinulatus”’. plus the 
small. striated scales of the girdle, point to the 
genus Lepidozona as now understood. and to a 
chiton spccies close to or equivalent with Ischno- 
chiton sinudentatus Carpenter in Pilsbry. 1892. 

(b) The phrase “reddish. elevated, the jugum acute ™ 
points to J. berry? Dall. 1919. This is supported 
further by the size of J. berry? (about 15mm in 
length). the 105° divergence. and especially the 
type locality, Monterey Bay. which is the same as 
for I. berry. 


In the collection of the cademy of Sciences of Phila- 
delphia. there is a series of 6 small chitons (the largest 
partially disarticulatcd) with the label: “J. decipiens sini- 
dentaltus Cpr / Pacific Grove. nr. Monterey. Cal. / 
H. Heath; Aug. 1.” ‘The depth is indicated as 12 fathoms 

22m]. These specimens borrowed by Dr. Ferreira, 
October, 1974. in connection with his study of the genus 
Lepidozona in the Panamic Province (FERREIRA, 1974). 
All of them represent the subtidal zone form of Lepidozona 
that has been dredged fairly commonly on the shale bed 
in about 10 fathoms off Pacific Grove and Del Monte in 
Monterey Bay that Dall described as Ischnochiton berryi. 
Pitssry’s (1898) citation, based on Heath’s specimens in 
the Philadelphia Academy, is of interest to the extent that 
he infers he was uncertain as to just what Carpenter's 
I. decipiens was as far back as 1898 although he did defi- 
nitely relate it to Lepidozona sinudentata. 

Based on the above, I recommend Ischnochiton berryi 
Dall, 1919, be placed in the synonymy of J. decipiens Car- 
penter in Pilsbry, 1892, which at least reduces the number 
of names in the so-called sinudentatus group by one. 
leaving the taxonomic relationship between I. decipiens 
and Lepidozona sinudentata (Carpenter in Pilsbry, 1892) 
for a separate determination: that already has been covered 
to some extent in the discussion, herein, of Ischnochilon 


berryt. 
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Chiton dentiens Gould, 1846 


Chiton dentiens Gould, 1846:125; 1862:6. CARPENTER, 1857a: 
209, 318; 1864b:606, and 1872 reprint:92 (= Ischno- 
chiton pseudodentiens); BrErry, 1948:13; JOHNSON, 
1964:67. 

Chiton (Onithochiton) dentiens Gould, 1846. Goutp, 1852: 
321m figs. 433a-b; 1862:242; JoHNson, 1964:67. 

Ischnochiton pseudodentiens Carpenter, 1864b:606 and 1872 
reprint:92 (syn. of C. dentiens). 

Ischnochiton (Trachydermon) pseudodentiens Carpenter, 
1864. CARPENTER, 1864b:612, and 1872 reprint:98 nomen 
nudum; ibid:649, and 1872 reprint:135 “= type speci- 
men of denticns’’; 1865:60. 

Trachydermon pseudodentiens (Carpenter, 1864). Cooper, 
1867:22. 

Chiton (Trachydermon) dentiens Gould, 1846. ORcuTT, 1885: 

544. 

Ischnochiton (Trachydermon) dentiens (Gould, 1846). Car- 
PENTER, 1864b:649, and 1872 reprint:135. Pitspry, 1892: 
73-74, plt. 8, figs. 61-65. 

Ischnochiton dentiens (Gould, 1846). PAckarRp, 1918:292-293. 

Trachydermon dentiens (Gould, 1846). CooprEr, 1867:22; 
DALL, 1879:323; Prrspry, 1894:65, plt. 15, fig. 26 (girdle 
scales, X 250); 1898b:51 (Socorro Island). Taytor, 1895: 
94; BrapsHaw, 1898:9; THiEve, 1909:17; T. S. OLDRoyD, 
1911:74; CHase, 1917:30. (= Mopalia acuta, fide BERRY, 
1922:403); Dat, 1918:1. 

Trachydermon (Cyanoplax) dentiens (Gould, 1846). BERRY, 
1948:14 (with T. (C.) raymond: Pilsbry, 1894, as a syn.). 

Lepidochitona dentiens (Gould, 1846). DALL,1918:3; 1921: 
188; Berry, 1922:410, 415, 438, 439, table 1, plt. 1, figs. 
7-9 (Pleistocene). Otproyp, 1924:186; 1927:259-260; 
SmitH, 1947a:8-9; 1947b:16 (listed only); Berry, 1948: 
13; AnBott, 1974:397. 

Trachydermon (Cyanoplax) raymondi Pilsbry, 1894a:46-47, 
1898a:287. Taytor, 1895:95 (footnote); 1899-250; NEw- 
coMBE, 1896:19; BERRY, 1948:13-14 (syn. of T. (C.) 
dentiens). 

Trachydermon raymondi Pilsbry, 1894. Pitspry, 1894b:57; 
Heatn, 1904:257, fig. A; 1905:391-392; Keep, 1904:348; 
F. Baker, 1910:15; HicLey « HeEatu, 1912:95-97, figs. 
1A-C.; Packarp, 1918:295-296; HorrMan, 1929:362; 
SMITH, 1966:434 (syn. of Cyanoplax dentiens). 

Lepidochitona raymond: (Pilsbry, 1894). DALL, 1921:189; 
Oxproyp, 1924:188; 1927:262-263; CHASE & CHASE, 1933: 
123; WILLETT, 1935:43; LicHT’s MANUAL (Ist ed.), 1941: 
129, 130, fig. 111. 

Lepidochitona (Trachydermon) raymondi (Pilsbry, 1894). 
JOHNSON & SNooK, 1927 (1967): 561-562, fig. 661. 

Lepidochiton raymondi (Pilsbry, 1894). La RocQuE, 1953:9. 

Cyanoplax raymondi (Pilsbry, 1894). Tiere, 1909:17. 
Berry, 1917:231, 234; 1927:160; Witiettr, 1919:27; 
SmitTH, 1947a:14-15; 1947b:18 (listed only); SMITH & 
Gorpon, 1948:206; Berry, 1948:14; Licut’s Manual 
(2nd ed.), 1954:218; THorpr, 1962:207; Assott, 1974: 
398; Licut’s Manual (3rd ed.), 1975:464 (syn. of C. 
dentiens). 

Cyanoplax dentiens (Gould, 1846). Berry, 1948:13-15 (C. 
raymondi made a syn.); 1951:214-219 (with syn. C. ray- 
mond); LicHt’s Manual (2nd ed.), 1954:218, fig. 98d; 
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PALMER, 1958:265, SmiTH, 1966:434, 442; RICKETTS & 
Carvin (4th ed.), 1968:272, 505; BuRGHARDT & BURG- 
HARDT, 1969a:228; 1969b:13, 43, plt. 1, fig. 11 (in color) 
(with syn. C. raymondi); Kurs, 1974:297 (with C. d. 
cryptica n. ssp.); LicHt’s Manual (3rd ed.), 1975:462, 
464, plt. 109, fig. 7 (with syn. C. raymondi); Gomez, 
1975:28, 29; Ross, 1975:36. 


Holotype: U.S.N.M. No. 5824. 


Type locality: Puget Sound, Washington (United States 
Exploring Expedition). 


Remarks: S. S. Berry cleared up the confusion relating 
to this species in 1948 after studying the holotype and 
synonymized Trachydermon (Cyanoplax) raymondi Pils- 
bry, 1894, under it. He also established the occurrence of a 
similarly appearing but different species that is relatively 
common in the intertidal zone along the southern Cali- 
fornia coast, Lepidochitona keepiana Berry, 1948. 

The holotype of Cyanoplax dentiens was borrowed for 
study in 1970. The museum label reads: “Chiton [= Cya- 
noplax]| dentiens Gld. = Chaetopleura pseudodentiens 
Cpr. / Oregon / U.S.E.E.”’ It is curled, the length in this 
condition being 4.7 mm. It has been partly disarticulated, 
valves i, 11, and 111 being separate. Color slides of the curled 
animal and the three separate valves are CASIZ Nos. 2241, 
2242 (AGS). 


Ischnochiton eucosmius Dall, 1919 


Ischnochiton eucosmius Dall, 1919:509. DUSHANE « POORMAN, 
1967:438; THORPE (in KEEN, 1971:868 (syn. of Radsiella 
guatemalensis (Thiele, 1910)). 

Ischnochiton (Ischnochiton) eucosmius Dall, 1919. Keen, 
1958:520, fig. 14. 


Syntypes: U.S.N.M. No. 218194. 


Type locality: “Magdalena Bay, Lower California, C. R. 
Orcutt.” 


Remarks: There are two syntypes in the type lot, both 
preserved dry, entire, and fairly flat. One measures 10.4mm 
in length; the other, 9.8mm. Dall’s measurements are: 
L., 10; W., 5.5; H., 3.3mm. The larger of the two syntypes 
is herein designated as the lectotype and the slightly smaller 
one as paralectotype. 

Ischnochiton eucosmius is a small, little-known species 
that seems to be uncommon. It is, however, a perfectly 
distinct species unrelated to other Ischnochitons from the 
Gulf of California. Thorpe’s placement of it as a synonym 
of Radsiella guatemalensis (in KEEN, 1971) lacks support- 
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ing evidence; and his use of the genus Radsiella is open to 
question on taxonomic grounds. 

A color slide of the 2 syntype specimens of Ischnochiton 
eucosmius is CASIZ No. 2154 (AGS). Additional slides of 
specimens from Costa Rica are CASIZ Nos. 2772-2774 
(Ferreira). 


Ischnochiton exanthematus Dall, 1919 
Ischnochiton exanthematus Dall, 1919:505. 


Holotype: U.S.N.M. No. 96226. 


Type locality: Straits of Magellan in 61 fathoms, sand, 
bottom temperature 48°, United States Fish Commission 
steamer Albatross.” 


Remarks: The holotype is preserved dry with the animal 
intact; it is somewhat curled. No other specimens were 
collected. As already shown, Ischnochiton exanthematus 
and I. acelidotus Dall, 1919, are conspecific; and I have 
already designated the former as a synonym of the latter 
regardless of the fact that it has page priority. 

Color slides of the type of J. exanthematus are CASIZ 
Nos. 3145-3149 (AGS); 3264-3265 (Ferreira). 


Ischnochiton (Lepidozona) gallina Berry, 1925 


Ischnochiton (Lepidozona) gallina Berry, 1925:228-229, plt. 
1], figs. 1, 2. SmrTH, 1947b:18 (listed only). SmiTH « Gor- 
DON, 1948:207, 208 (in error as J. (L.) golischi Berry, 
1919). 

Ischnochiton gallina Berry, 1925. WiLLETT, 1935:43-44 (syn. 
of I. decipiens Carpenter, 1892). T. A. Burcu, 1942:7. 

Lepidozona gallina (Berry, 1925). BURCHARDT & BURGHARDT, 
1969b:23 (syn. of L. sinudentata (Carpenter in Pilsbry, 
1892)); AppotrT, 1974:395, fig. 4643 (2 views, after BERRY, 
1925) (syn. of L. decipiens (Carpenter in Pilsbry, 189z)). 


Holotype: “A shell preserved dry [S.S.B. 757] entered as 
Cat. No. 4898 of the author’s collection (ex No. 1179, 
collection of R. H. Tremper).” 


Type locality: Off White’s Point, Los Angeles County, 
California. 


Remarks: The species is based only on the holotype. Berry 
has pointed out that in sculpture his species was fairly 
close to Ischnochiton berry: Dall, 1919, and to I. sinuden- 
tatus Carpenter in Pilsbry, 1892, but was remarkable in 
its color pattern. WILLETT (1935) says: ‘““Examination of 
the sculpture of valves and mantle of gallina and decipiens 
shows them to be identical in this regard and it appears 
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conclusive that gallina must be considered only a color 
form of decipiens, probably without any ecological signif- 
icance.” SMITH « Gorpon (1948) came to his same conclu- 
sion although the comparison was made with Ischnochiton 
sinudentatus and I. berryi on the basis of Monterey Bay 
specimens. This was clouded by the fact that their conclu- 
sion was covered under their discussion of Ischnochiton 
(Lepidozona) golischi Berry, 1919, this being an unfortu- 
nate error for J. (L.) gallina Berry as originally intended. 
References to “golischi” (SMITH & Gorvon, 1948, pp. 207, 
208) should in each instance be corrected to read “gallina”. 
BURGHARDT & BuRGHARDT (1969b) treat Lepidozona gal- 
lina as a synonym of L. sinudentata Carpenter in Pilsbry, 
1892, which now reflects its correct taxonomic status. 

Because Berry’s illustrations of Ischnochiton (Lepido- 
zona) gallina show its sculptural characters so beautifully, 
it was not believed necessary to borrow the holotype for a 
further study. Berry’s fig. 2, on pl. 11, of his paper is by 
far the best illustration published so far of the type of 
sculpture occurring on the common subtidal zone southern 
California Lepidozona currently masquerading under 
several incorrect names. The “gallina’’ situation is an excel- 
lent example of the need to look beyond the color pattern 
and concentrate on the sculpture. Berry’s illustrations are 
reproduced in Assotr (1974, figs. 4643). 


Ischnochiton (Lepidozona) golischi Berry, 1919 


Ischnochiton (Lepidozona) golischi Berry, 1919a:7 [= 47]; 
1925:229-231, plt. 11, figs. 3, 4. SmitH, 1947b:18 (listed 
only); SMITH & Gorpon, 1948:207, 208 (in error for I. (L.) 
gallina Berry, 1925). 

Ischnochiton (Ischnochiton) golischi Berry, 1919. Datu:1921: 
192 (in sec. Lepidozona Pilsbry, 1892). 

Ischnochiton golischi Berry, 1919. OLpRoyD, 1927:284 (in sec. 
Lepidozona); TALMADGE, 1973:232. 

Lepidozona golischi (Berry, 1919). BuRGHARDT & BURGHARDT, 
1969b:21-22; Apsorr, 1974:396, fig. 4647 (2 views, after 
Berry, 1925). 


Holotype: “An animal preserved dry [S.S.B. 1068], en- 
tered as Cat. No. 4093 of the author’s collection.” 


Paratype: “. . . [S.S.B. 1067] is the property of the South- 
west Museum, Los Angeles.” 


Type locality: ‘‘On stems of coral taken in 100 fathoms, off 
Santa Monica, California; W. H. Golisch, summer of 1918; 
one specimen. Paratype from coral taken in ‘deep water’ in 
the same region; W. H. Golisch, fall of 1917.” 


Remarks: As with /schnochiton (Lepidozona) gallina, pre- 
ceding, described by Berry at the same time, I. (L.) golischi 
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is well defined and the illustrations of the holotype are 
excellent. Specimens usually come from depths of 100 fath- 
oms [183m] or more and have been dredged at several 
localities along the West Coast. The most northerly record 
known to me is in 119 fathoms [218m] off Edith Point, 
Mayne Island, in the Strait of Georgia, British Columbia, 
Canada (I. McT. Cowan Colln., 1963). The species is rare 
in collections because of the depth of water in which it 
lives. 

Berry's statement regarding the relationship of Ischno- 
chiton golischi was prophetic when he said that: ““Carpen- 
ter’s scabricostatus would probably be as easy to confuse 
with it as any .. .”” A study of the holotype of Lepzdozona 
scabricostata (Carpenter, 1864), and comparison with 
available specimens of J. golischt, indicate that these two 
species undoubtedly are conspecific, Carpenter’s name 
having priority. This relationship is covered in more detail 
in the discussion of Ischnochiton scabricostata under 
remarks on that species. 

Because Berry’s description of the species is completely 
adequate and his illustrations (repeated in Apsott, 1974) 
are diagnostic, no attempt has been made to borrow and 
photograph the holotype or paratype. His statement of the 
differences between /. golischi and I. scabricostatus, includ- 
ing “the more sparse ribbing of the central areas, the more 
numerous and weaker ribs of the lateral areas, the sparse 
but sharper granular pustulations, and the more rosy color- 
ing” all appear to be within the limits of sculptural varia- 
tion that might be expected to occur between individual 
specimens. Although not of type material, the CASIZ Color 
Slide Series contain slides of other specimens of L. golischi, 
Nos. 590 (AGS) and 3100, 3114 (Ferreira). 


Chiton interstinctus Gould, 1846 


Chiton interstinctus Gould, 1846:145; 1852:282, plt. 27, figs. 
423a-b. 

Callochiton interstinctus (Gould, 1846). H. & A. AbAMs, 
1854, 1:471; CARPENTER, 1857a:317. 

Chiton (Leptochiton) interstinctus (Gould, 1846). Goutp, 
1862:230, 242; Jounson, 1964:93. 

Ischnochiton (Trachydermon) interstinctus (Gould, 1846). 
CARPENTER, 1864b. 

Trachydermon interstinctus (Gould, 1846). CooPEr, 1867:22; 
1870:59. 

Ischnochiton interstinctus (Gould, 1846). Dati, 1879:296, 
pit. 2, fig. 16 (radula teeth); zbid.:331. WHITEAVEs, 1887: 
126; Taytor, 1893:102; Newcomer, 1896:19. KrEp, 
1904:348; Lowe, 1904:19; THreve, 1909:80, ple. 7, fig. 63; 
Baker, 1910:45; Berry, 1917:230, 231, 235; 1927:164; 
WILLETT, 1919:27; OxLproyp, 1924:191; 1927:275; La- 
RocauE, 1953:13; BURGHARDT & BURGHARDT, 1969b: 16-17, 
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ple. 1, figs. 17-19 (in color) (with syn. 7. radians Caipen- 
ter in Pilsbry, 1892); Aszort, 1974:395; LicHt’s Manual 
(3rd ed.), 1975:465 (zsyn. I. radians). 

Ischnochiton (Ischnochiton) interstinctus (Gould, 1846). 
Pirspry, 1892:119-120, plt. 11, figs. 40, 41; plt. 21, fig. 39; 
Dat, 1921:191; S\irrH, 1947b:18 (listed only); SMITH & 
Gorponx, 1948:207. 


Holotype: U.S.N.M. No. 5814. 
Type locality: “Oregon’. 


Remarks: The holotype of [schnochiton interstinctus is in 
quite good condition. It consists of a dry-preserved, some- 
what curled specimen with valves iii - viii in place in the 
girdle; the head valve is separate and complete; valve 11 is 
broken into 2 pieces, which show the configuration of the 
sutural laminae. The color is the typical over-all red-brown 
occurring on specimens from the Pacific Nerthwest, espe- 
cially from the Puget Sound area, Washington. 

The close relationship between this species and Ischno- 
chiton radians Carpenter in Pilsbry, 1892, has been known 
for a long time. As early as 1917, Berry pointed out that 
I. interstinclus and I. radians were “closely related and 
although mest lots may be readily separated by their rela- 
tive size and color, some cf the specimens are sufhciently 
intermediate so that with occasional undissected shells I 
have had to fall back upon the blue-green interior usually 
possessed by radians and similar trifling features to separate 
them”. This relationship will be covered more fully in the 
remarks under /. radians. 

A 35mm color slide of the holotype of Ischnochiton 
interstinctus is CASIZ No. 2046 (AGS). 


Ischnochiton listrum Dall, 1919 


Ischnochiton listrum Dall, 1919:504; OLpRoyp, 1927:271-272; 
BURGHARDT & BURGHARDT, 1969b:17; Aspsott, 1974:355. 

Ischnochiton (Ischnochiton) listrum Dall, 1919. Datu, 1921: 
190. 

Ischnochiton (Lepidozona) listrum Dall, 1919. Smitu, 1947p: 
18 (listed only). 


Holotype: U.S.N.M. No. 58734. 
Type locality: San Diego, California (Hemphill). 


Remarks: The holotype was borrowed in June 1974. It is 
a complete specimen, preserved dry with the animal intact 
and nicely flattened. It measures: L., 12.1; W.. 7.4; and 
H., 2.51mi. Dall gives the slit-formula as 12-1 - 11. 
Ischnochiton listrum is a Lepidozona related to and 
without doubt conspecific with L. sinudentata (Carpenter 
in Pilsbry, 1892). It is only a color phase of the relatively 
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common Lepidozona dredged in 20-25 fathoms [66-82 m] 
off Redondo Beach, Santa Catalina Island. and other areas 
off southern California by Tom and John Q. Burch, 
George Willett, and by Ritter and Raymond in 1901 
dredging under the auspices of the San Diego Marine Bio- 
logical Association, a predecessor of the Scripps Institution 
of Oceanography. It should be indicated, therefore, as a 
synonym of Lepidozona sinudentata. 

Color slides of the holotype of J. listrum are CASIZ 
Nos. 2562 (AGS) and 3117, 3118 (Ferreira). 


Ischnochiton mariposa Dall, 1919 


Ischnochiton mariposa Dall, 1919:506-507. THoRPE (in KEEN, 
1971):869 (syn. of Radsiella petaloides (Gould, 1846)); 
Linpsay, 1966:348. 

Stenoplax mariposa (Dall, 1919). KEEN, 1958:46, figs. 46a-i 
(with syn. S. histrio Berry, 1945); McLean, 1961:473; 
DuSHANE & PooRMAN, 1967:438; ABBott, 1974:397 (syn. 
of S. petaloides (Gould, 1846)). 

Stenoplax histrio Berry 1945:493-495, figs. 10-18. THorPE (in 
Keen, 1971):869 (syn. of Radsiella petaloides (Gould, 
1846)); ABBoTT, 1974:397 (syn. of S. petaloides). 


Syntypes: U.S.N.M. No. 58865 (3 specimens). 
Type locality: “Gulf of California, W. J. Fisher.” 


Remarks: The type lot, consisting of 3 specimens, was col- 
lected by W. J. Fisher in 1876. Bartsch gave it a manu- 
script name, which was validated by Dall in 1919. It was 
borrowed in July 1975 by Dr. A. J. Ferreira for study and 
comparison with collected material and especially with the 
type of Chiton petaloides Gould, 1846, as these two species 
have been stated to be conspecific. One of the syntypes has 
been completely disarticulated, with all valves separated 
from the dried girdle; the other 2 are a juvenile preserved 
entire, and an adult with a missing head valve. According 
to one of the type labels, 3 accession numbers are involved: 
No. 58658b from Las Animas Bay; No. 58865 from “West 
Coast”; and No. 58880f from Las Animas Bay. Thus it 
seems proper to select Las Animas Bay as the type locality 
for I. mariposa. As the syntype specimens themselves are 
not localized on separate labels, I am not designating a 
lectotype in this instance since there is no way to fix on its 
locality. 

Ischnochiton mariposa is well named. It is one of the 
most beautiful of the smaller Gulf of California species, 
with a fantastic variation of color patterns. the normal onc 
having a pearl-gray background with blackish flammula- 
tions accompanied by spots or splotches of crimson and 
ultramarine blue. Unicolored specimens may be almost 
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entirely black, light red-brown, over-all grass green, OF 
pure white. A rare color pattern consisting of alternating 
dark-brown and light cream colored “zebra striping”, 
similar to that described for Ischnochiton (Lepidozona) 
gallina Berry, 1925. 

There is adequate reason for synonymizing Stenoplax 
histrio Berry, 1945, under Ischnochiton mariposa Dall, 
1919. Although I have not studied the holotype of S. 
histrio, 1 am relying on the statement in Dr. Berry's 1947 
manuscript notes to the effect that the two unquestionably 
are conspecific. The case for making Ischnochiton mari- 
posaa synonym of I. petaloides (Gould, 1846), a Hawaiian 
species, as indicated by THORPE (in KEEN, 1971) and 
Assott (1974) has not rested on sound grounds until now. 
Loan of the type specimens of both species by the U.S. 
National Museum of Natural History through the courtesy 
of Dr. Joseph Rosewater, and a study of 100 specimens of 
I. petaloides in alcohol from the Island of Oahu, Hawaii, 
collected by Mrs. Harold (Kay) Gudnason of Moraga, 
California, in 1973-74, now makes it possible to resolve it. 
The minor differences in the dorsal sculpture between the 
two species, based only on a comparison of the type speci- 
mens, might easily lead one to keep the two separate, 
especially on zoogeographic considerations. Now that it is 
possible to compare a considerable number of specimens 
of each species that is more than adequate in determining 
the range of individual variation for both, there seem to 
be no valid reasons why the synonymizing of J. mariposa 
under J. petaloides is not the correct taxonomic step to 
take. 

Ischnochiton mariposa, as now identified, is a fairly com- 
mon, low intertidal to subtidal zone species found mostly 
in the Gulf of California where it ranges from Puerto 
Pefiasco, Sonora, Mexico, to Cabo Pulmo, Baja California 
(Sur) at the tip of the peninsula. Dr. Antonio Ferreira (in 
litt., 2 Nov. 1974) reports a single, typical specimen, which 
he collected at Masachapa, Nicaragua, although none was 
found in collections he made in Guatemala, E] Salvador, 
or Costa Rica. It has not been reported from Panama thus 
far. Based on an analysis of more than 200 specimens from 
30 different localities, Dr. Ferreira concludes that there is 
considerable individual variation in the “wrinkling”’ of 
the dorsal sculpture, especially on the lateral areas, which 
are only weakly developed, normally. ‘The amount of varia- 
tion that does occur seems to be a function of age, very 
young and juvenile specimens tending to be less strongly 
sculptured and hence appearing to be smoother. Dr. Fer- 
reira reports also that the girdle scales of /. mariposa, which 
are relatively large for the size of the animal (a character 
indicated by Gould as applying to J. petaloides), show 
about 30 minute, closely-spaced, transverse striations in 
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which there is some individual variation under a magnifica- 
tion of x 250. The scales are oval, flattish, and measure 
about 150 ym in length. 

There has evidently been some question whether the 
genus Ischnochiton or the genus Stenoplax should be 
applied to mariposa. Recent authorities have used the 
genus Stenoplax, presumably on the basis of valve configu- 
ration. My own conclusion is to follow Dall and Pilsbry 
in the use of the genus Ischnochiton (sensu lato) for both 
mariposa and petaloides, following the reasoning that on 
the one hand, both species are much smaller than any other 
West American or Caribbean Stenoplax; and on the other, 
the girdle scales are typically Ischnochitonoid, of a type 
found normally on species of Ischnochiton (Ischnochiton) 
and Lepidozona rather than on the peculiar elongated and 
incurved girdle scales in a number of Stenoplax species. 

Color slides of the syntypes of Ischnochiton mariposa 
are CASIZ Nos. 3175 (Ferreira) and 3271, 3272 (AGS). 
Slides of other specimens showing color variation are 
CASIZ Nos. 623, 1385 (green), 2273 (zebra-striped), and 
2319 (3 variants) (AGS). 


Ischnochiton (Ischnochiton) newcombi 
Carpenter in Pilsbry, 1892 


Ischnochiton (Ischnochiton) newcombi Carpenter MS, Pils- 
bry, 1892:120. Dart, 1921:191; SmirH, 1947b:18 (listed 
only). 

Ischnochiton newcombi Carpenter in Pilsbry, 1892. Keep, 
1904:348: O_pRoyp, 1927:278; PALMER, 1945:101; 1958: 
269, plt. 30, figs. 1-5; BURGHARDT & BuRGHARDT, 1969b:17. 
Apsott, 1974:395. 


Holotype: Redpath Museum, Montreal, Canada, No. 19. 
Type locality: ‘‘Catalina Island. Newcomb.” 


Remarks: The holotype is incomplete. The dried speci- 
men consists of the nearly complete girdle with most of the 
overlapping girdle scales intact and with valves ii-vi in 
place. Valves i, vil, and viii are loose and broken into 6 
small but identifiable pieces. Pilsbry, quoting Carpenter’s 
MS, gives the measurements as: L., 834; W., 614 mm; diver- 
gence of the sideslopes, 100°. 

The description quoted in Pitssry (1892) is fairly com- 
plete. The granules making up the dorsal sculpture are 
round, regularly-spaced, and well developed as in some 
species of Leptochiton. Although Carpenter says they are 
arranged in quincunx, to my eye under fairly high magni- 
fication they seem to be arranged in evenly-spaced, longi- 
tudinal, straight lines except toward the jugum where the 
lines become somewhat oblique. Except for this small 
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change in granular sculpture, the valves have no well- 
marked jugal areas. It is not: possible to verify the slit 
formula, indicated by Carpenter to be 12 - 1 - 11. 

Ischnochiton newcombi is not like any other Ischno- 
chitons I have seen either from southern California or from 
the Gulf of California. I believe it to be a valid species, 
which must be rare as it has not been reported since New- 
comb collected it. 

Color slides of the holotype of J. newcombi are CASIZ 
Nos. 3083-3085 (Ferreira) and 3089-3091 (AGS). 

Redpath Museum No. 19 includes a second small chiton, 
which PALMER (1958) identified as ‘‘a worn Chaetopleura 
gemma ...’’. Dr. Ferreira re-identifies this correctly as a 
juvenile specimen of Lepidozona golischi (Berry, 1919) 
[= L.] scabricostata (Carpenter, 1864). This is a more 
logical assignment. considering its locality. 


Ischnochiton ophioderma Dall, 1908 


Ischnochiton ophioderma Dall, 1908:356; 1919:506. F. BAKER, 
1937:86; THORPE (in KEEN, 1971):868 (syn. of Radsiella 
dispar (Sowerby, 1832)). 

Ischnochiton (Ischnochiton) ophioderma Dall, 1908. KEEN, 
1958:521. 


Syntypes: U.S.N.M. No. 110764 (2 specimens). 


Type locality: “On the shore at Perico Island, Panama 
Bay.” 


Remarks: DaLt (1919) re-described Ischnochiton ophio- 
derma Dall, 1908, as pointed out by Dr. Fred Baker, who 
wrote to him about it and obtained a reply that the second 
description under the name ophioderma was, in fact, based 
on the same specnmen described earlier. 

U.S.N.M. No. 110764 consists of two syntypes. The 
larger is badly curled with some of the valves broken; only 
valves ili, iv, v, and vi are intact in the girdle, which 
retains its scales. The smaller specimen is complete, is only 
slightly curled, and measures 6.3 mm in length. It is herein 
designated as the lectotype of Ischnochiton ophioderma, 
the second specimen becoming a paralectotype. 

Study of the syntype series of Ischnochiton ophioderma 
and comparison of them with a number of specimens col- 
lected in the Panamic Province proves this species to be 
the same as J. dispar (Sowerby, 1832), as already indicated 
without supporting evidence by THorreE (7 KEEN, 1971). 
Therefore it becomes a synonym of the prior-described 
species. 

A color slide of the smaller syntype (the lectotype) is 
deposited as CASIZ No. 2187. 
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Lepidopleurus pectinulatus Carpenter in Pilsbry, 1893 


Ischnochiton (Lepidopleurus) pectinatus Carpenter, 1864h: 
612, and reprint 1872:98, nomen nudum; 1bid.:649, and 
reprint 1872:135; 1866:211-212. 

Not Lepidopleurus pectinatus Carpenter, 1864, 1. c. = 
Ischnochiton cooperi Carpenter MS, nor Chiton pecti- 
natus Sowerby, 1840 (fide Pitspry, 1893:129). 

Lepidopleurus pectinatus (Carpenter, 1864). Cooper:1967: 
22; 1870:59. 

Ischnoplax pectinatus (Carpenter, 1864). KEEP, 1887 (and 
1888, 1891, and 1893 reprinting):112. 

Lepidopleurus pectinulatus Carpenter MS, “and of American 
collectors and writers”. Pitspry, 1893:129 (syn. of Isch- 
nochiton clathratus (Reeve, 1847), in part). 

“Chiton (Leptdopleurus?) pectinulatus Carpenter’. DAL, in 
OrcuTT, 1885:544, nomen nudum. 

Ischnochiton (Lepidozona) pectinulatus Carpenter in Pilsbry, 
1893. Berry, 1922:471-472, pit. 10, figs. 4-6. 

Ischnochiton pectinulatus Carpenter in Pilsbry, 1893. BERRY, 
1922:412, 414, 421, and table 1 (listed, Pleistocene). 

“Ischnochiton punctulatissimus Carpenter”. Lowe, 1904:19 
(? error for I. pectinulatus). 

Ischnochiton clathratus (Reeve, 1847) [in part, based on Cali- 
fornia specimens]. KEEP, 1904:349; Berry, 1907:51; 
CuaseE, 1917:30 (Pliocene or Pleistocene) = I. (Lepido- 
zona) sanctaemonicae Berry, 1922 (fide Berry, 1922:471, 
footnote); OLpRoyp, 1924:193; 1927:282 (in sec. Lepido- 
zona Pilsbry, 1892); LELoup, 1940:3, 15-18, figs. 38-41. 

Ischnochiton (Ischnochiton) clathratus (Reeve, 1847). DALL, 
1921:192 (in sec. Lepidozona). 

Lepidozona pectinulata (Carpenter in Pilsbry, 1893). FER- 
REIRA, 1974:165. 


Types: See discussion, following. 
Type locality: See discussion, following. 


Remarks: Because of the difficulties surrounding the tax- 
onomic status of Lepidopleurus pectinulatus Carpenter in 
Pilsbry, 1893, its synonymy is given as completely as pos- 
sible, above. Carpenter’s initial use of the genus name in 
MS for this species is not that of LEACH in Risso, 1826, as 
pointed out by Dati (1879) and later by Pitspry (1893) 
and therefore is untenable. Pilsbry, no doubt unwittingly, 
confused the issue by assigning the Carpenter name to the 
synonymy of Chiton clathratus Reeve, 1847. [A minor 
problem relating to the correct date for pectinulatus occurs 
as a result of the fact that Pilsbry’s treatment of clathratus 
in the Manual of Conchology involves two dates; his 
description of this species on page 128 was published Nov- 
ember 25, 1892, although his synonymy for it on page 129 
(which includes the reference to Lepidopleurus pectinu- 
latus for the first time) was published February 25, 1893.] 

Berry (1931) was instrumental in clearing the way some- 
what when he demonstrated that there were two distinct 
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populations of related, intertidal zone. West Coast Lepi- 
dozonas, one along the coast of southern California (L. 
californiensis, n. sp.). and a second (L. clathrata (Reeve. 
1847)) in the Gulf of California. Subsequently, Dall con- 
fused the situation further by describing Ischnochiton 
bryanti and I. brunneus, both in 1919, which have been 
determined earlier. herein, to be the same as the one 
described from southern California. The next taxonomic 
treatment is by PaLMER (1958). who covers the situation 
partially under “Cf. Ischnochiton (Lepidozona) califor- 
niensis Berry /1. pectinatus Carpenter’. Finally, FERREIRA 
(1974) reviewed the taxonomic tangle surrounding the 
two separate southern California and Gulf of California 
species, the former for more than 40 years continuing 
under the name Lepidozona californiensis (Berry, 1931). 
He concludes that it is proper, considering all the circum- 
stances, to reinstate Carpenter’s MS name pectinulatus, as 
validated by Pirspry (1893) for the southern California 
Lepidozona. This is a view with which I am in agreement. 
Also, this step serves to reduce the number of published 
names from four to a single one by relegating three to 
synonymy. Thus the synonymies of J. bryanti, I. brunneis, 
and L. californiensis, which already have been covered, 
should be added to the above synonymy of Lepidozona 
pectinulata (Carpenter in Pilsbry, 1893). 

So far as I know, there are no specimens in any museum 
with a Carpenter label, which he indicated in 1864 were 
collected on “Cat. Is.. beach” or “‘Bch, Cp.” (the “Cp.” in 
this instance undoubtedly standing for the collector. 
Dr. James G. Cooper, who supplied Carpenter with many 
West Coast mollusks). Thus apparently there are no vali- 
dated type specimens to go with the name pectinucatus. 
However, in the type collection of the Academy of Natural 
Sciences of Philadelphia there are two lots of West Coast 
chitons associated with the name pectinulatus. One, ANSP 
No. 118664, consists of a series of 13 specimens, now loose 
but originally glued to a cardboard label, which reads: “‘J. 
clathratus Rve. / San Diego / Cal. / H. Hemphill.” The 
name “clathratus’ has been crossed out in pencil and the 
words “T. pectinulatus Cpr. / type. figs. 31-33” added in 
ink lettering in what I take to be Pilsbry’s handwriting. 
The original label is one of Henry Hemphill’s heavy, black- 
bordered ones (2% ins. x 5% ins.) now cut into 3 pieces. The 
large cardboard label is accompanied by two other different 
Hemphill labels, one a border-lined smaller label with the 
handwritten identification “Lepidopleurus pectinulatus 
Cpr. / San Diego Cal.” and “Collected by Henry Hemp- 
hill” printed in italics below. The other is a standard 
Hemphill printed exchange label reading “Lepidopleurus 
pectinulatus Cpr.” and carries a pencilled number “547”, 
possibly an early Hemphill field or accession number. The 
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13 specimens (one of which now is disarticulated) range 
in length from 17.5-29.5mm. It was an easy matter to 
replace them in their original positions on the heavy card- 
board label, as indicated by the dust-free oval spots, for a 
25mm color slide, which is CASIZ No. 2971. 

The reference to “. . . type. figs. 31-33” is in the Manual 
of Conchology, (1), 1892, 14:128, plt. 26, figs. 31-34. 
Figures 31-33 reproduce Pilsbry’s drawings of an inter- 
mediate valve (ventral and dorsal) and an enlarged sketch 
of the girdle scales (fig. 33); fig. 34 reproduces a drawing 
of a whole animal by Emerton. 

The second lot in the Philadelphia Academy type collec- 
tion, ANSP No. 118662, also has a bearing on the problem 
under discussion. It consists of 2 dried specimens with the 
animals removed, preserved fairly flat, originally glued to 
a black-bordered card. The label reads: “L. pectinulatus, 
Cpr. / = I. clathratus Rv. / Monterey / Cal. / R:E.C. 
Stearns.” As in lot ANSP No. 118664, the name “J. clathra- 
tus’ has been crossed out and the species name “califor- 
niensis” has been written over the name “pectinulatus”’ 
(in pencil) in a handwriting I do not recognize, although 
it may be Pilsbry’s. To the right of the position of the larger 
specimen on the card is a pen-written note ““2nd measure- 
ment / M.C. p. 128”, which I assume to be one of the 
measurements published in the Manual of Conchology. 
Both specimens in ANSP No. 118662 unquestionably are 
typical Lepzdozona californiensis as described by Berry 
from southern California. The locality “Monterey / Cal.” 
is incorrect as Berry’s californiensis is not known to occur 
as far north as Monterey. Presumably these Stearns’ speci- 
mens are the basis for the previously published range for 
Lepidozona clathrata (Reeve, 1847) as extending from 
“Monterey and San Diego, to La Paz, L. California” (Pils- 
bry, 1892: 128). The verified range for L. californiensis 
(and therefore for L. pectinulata) extends from Isla Vista, 
Santa Barbara County, California, to Punta Abreojos, 
Baja California, on the Pacific side of the peninsula; L. 
clathrata is known only from the Gulf of California. A 
color slide of Stearns’ two ““Monterey’’ specimens is CASIZ 
No. 2970 (AGS). 

There is no doubt in my mind that the 13 specimens in 
ANSP No. 118664 represent the true Lepidopleurus pecti- 
nulatus as understood by Carpenter and by older collectors 
such as Henry Hemphill, although at first only in part by 
Pilsbry, whose inclusion of the Carpenter name under 
Reeve’s L. clathrata has created taxonomic difficulties. 
On the basis of the foregoing, albeit somewhat subjective, 
I hereby select the 13 specimens comprising ANSP 
No. 118664 as the syntype series of Lepidozona pectinulata 
(Carpenter in Pilsbry, 1893). Selection of an appropriate 
lectotype from this series of specimens is left to the next 
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reviser; preferably this should be an entire specimen, with 
the remaining 12 specimens designated as paralectotypes. 
Color slides of an appropriate lectotype that might be so 
selected are CASIZ Nos. 3118. 3119 (Ferreira). 


Chiton petaloides Gould, 1846 


Chiton petaloides Gould, 1846:144; 1852:328, plt. 28, figs. 
435a-b: 1862, p. 6. JOHNSON, 1964:126. 

Taucia petaloides (Gould, 1846). Goup, 1862:240, 242; JoHN- 
son, 1964:126. 

Lophyrus petaloides (Gould, 1846). PEAsE, 1872:194. 

Ischnochiton (Ischnochiton) petaloides (Gould, 1846). Pits- 
BRY, 1892:118-119, plt. 23, figs. 92, 93. 

Radsiella petaloides (Gould, 1846). THoRPE (in KEEN, 1971): 
869 (with syns. Ischnochiton mariposa Dall, 1919, and 
Stenoplax histrio Berry, 1945). 


Holotype: U.S.N.M. No. 12922. 
Type locality: ‘Sandwich Ids.” 


Remarks: The holotype now consists of 5 separate valves, 
including 4 intermediate valves and a tail valve; no portion 
of the girdle remains. An older museum label reads: 
“Chiton petaloides Gould / Sandwich Ids’’; a later one 
reads: “Jschnochiton petaloides Gould / 4997 (over) Type 
/ Hawaiian Ids. U.S. Expl. Exp’ The reverse side of this 
label says: “Gould fig. 435”, which agrees with the 1852 
Gould citation, above. Pitspry (1892) indicated the range 
more specifically as occurring on the islands of Kauai and 
Oahu. 

Until recently, Ischnochiton petaloides has been known 
for certain only from its incomplete holotype. However, 
a large lot of 100 specimens, preserved in alcohol, was 
collected by Mrs. Harold (Kay) Gudnason of Moraga, 
California, in 1973 and 1974 in the low intertidal zone at 
Maili, Oahu. They occurred in association with the en- 
demic small chiton, Rhyssoplax linsleyi Burghardt, 1973. 
These Hawaiian specimens have been made available 
through the courtesy of Mrs. Gudnason and asa result have 
contributed greatly to a knowledge of the species. 

According to GouLp (1862), Ischnochiton petaloides 
has “a very beautiful and peculiar shell, its markings resem- 
bling the venated petals of some flowers.’’ Mrs. Gudnason’s 
specimens bear out Gould’s statement. Without doubt it 
is one of the loveliest of all the small chitons from the 
Eastern Pacific with which I am familiar. The normal color 
pattern has a whitish or very light beige background with 
superimposed narrow dark streaks or ‘‘venations’’; the 
lateropleural areas have splotches of orange-red or flame- 
red with a scattering of round, brilliant, ultramarine blue 
Spots; occassionally on some valves there are small areas of 
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red-brown usually on or near their apices. (The valves of 
the holotype apparently have faded over the years as they 
do not have the red colored areas or the blue spots.) Only 
8 of the 100 specimens in Mrs. Gudnason’s collection have 
different color patterns: 1 is completely white: 2 are com- 
pletely bluish-black; 2 have the same bluish-black colora- 
tion but with a prominent whitish stripe along the jugum; 
] is variegated with dark and light marblings; and 2 have 
the concentric alternating pinkish or darker red-brown 
color bands that have been termed “zebra stripes’. The 
typical blue spots still show through the color on all but the 
white and “‘zebra-striped” shells. 

The dorsal sculpture on most of Mrs. Gudnason’s speci- 
mens is subobsolete. While Gould’s statement that the 
lateral areas are “‘very prominent” is borne out by the 
remaining valves of the holotype, this is not generally true 
for the species. Also, while the longitudinal ribbing of the 
central areas on the holotype valves is fairly prominent and 
extends well up the side-slopes toward the smooth jugal 
area, there is considerable variation in this particular 
sculptural character, with the longitudinal ribs almost non- 
existant in many specimens of Ischnochiton petaloides 
collected recently. 

The girdles of Ischnochiton petaloides have the longi- 
tudinally-striated, closely-packed, overlapping scales that 
are typically ischnochitonoid. They are whitish with alter- 
nating narrow bands of a combination of greenish-gray 
with occasionally interspersed blackish scales. 

As indicated earlier in the discussion of Ischnochiton 
mariposa Dall, 1919, there can be no doubt that this Gulf 
of California species must fall into the synonymy of J. 
petaloides (Gould, 1846). West Coast chitons heretofore 
identified as J. mariposa tend to run somewhat larger in 
adult size; the colors appear to be more brilliant with more 
frequent color-patterns that vary from the normal marbled 
or venated with red areas and superimposed blue spots. 
The over-all light green and red-brown color phases occur- 
ring on occasional specimens of J. mariposa have not yet 
turned up on J. petaloides. 

The discontinuous distribution of Ischnochiton peta- 
loides in the Eastern Pacific is remarkable. The North 
American West Coast population occurs mostly in the Gulf 
of California. A second, separate population, difficult if not 
impossible to differentiate from the one in the Gulf of 
California, occurs on the Galapagos Islands. Thus, the 
Gulf population is separated from the one in the Galapagos 
by more than 3200km and from the one in Hawaii by 
around 4800; the Galapagos and Hawaiian populations are 
more than 7250km apart. The intervening vast stretches 
of the Pacific Ocean make this a most unusual distribution 
anomaly for a chiton in the family Ischnochitonidae. 
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Color slides of the holotype of 7. petaloides are CASIZ 
Nos. 3266, 3267 (AGS). Slides of recently collected speci- 
mens are CASIZ Nos. 3269, 3270 (AGS). 


Leptochiton punctatus Whiteaves. 1886 


Leptochiton punctatus Whiteaves, 1886: 125-126, figs. 3, 4. 

Ischnochiton (Trachydermon) retiporosus var. [= ssp..] 
punctatus (Whiteaves, 1886). Pirssry, 1894:78. 

Ischnochiton (Ischnochiton) rvetiporosus punctatus (White- 
aves, 1886). DAL, 1921:191. 

Ischnochiton retiporosus punctatus (Whiteaves, 1886). 
Oxproyp, 1924:191; 1927:273; La RocquE, 1953:13. 
AsgorTT, 1974:395. 

Ischnochiton (Lepidozona) retiporosus punctatus (White- 
aves, 1886). SmiTH, 1947b:18 (listed only). 


Holotype: Not indicated by Whiteaves; location not 
known to me. 


Type locality: Duncan Bay, Discovery Passage, Vancouver 
Island, British Columbia, Canada, in 10-25 fathoms [18.3- 
45.7m], sand and gravel bottom. 


Remarks: Leptochiton punctatus is based ona single speci- 
men, its whereabouts unknown. Whiteaves’ drawing of 
an intermediate valve illustrates [schnochiton retiporosus 
Carpenter, 1864, quite well. Pirspry (1894) lists it as a 
color variety and later authors as a subspecies of J. reti- 
porosus. There appears to be no valid reason for retaining 
the name punctatus, which should be included in the 
synonymy of I. retiporosus. 


Ischnochiton (Ischnochiton) radians 
Carpenter in Pilsbry, 1892 


Ischnochiton (Ischnochiton) radians Carpenter in Pilsbry, 
1892:121; 1894:75, plt. 16, figs. 48, 49; 1898a:287. Dati, 
1921:191; SmiTH, 1974b:18 (listed only); SmiTH & Gor- 
pon, 1948:2-7. 

Ischnochiton radians Carpenter in Pilsbry, 1892. Taytor: 
1899:250; KEEP, 1904:249; Berry, 1907:51; 1917:231, 235; 
1927:164; THIELE, 1909:80, plt. 7, fig. 62; OLDRoyp, 1924: 
191; 1927:275-276; Burcu, 1942:7; Burcu & BURCH, 
1943a:5; PALMER, 1945:101; 1958:274-275, plt. 30, fig. 13; 
plt. 31, figs. 8-17; LaRocqug, 1953:13; Licut’s Manual 
(2nd ed.), 1934:218, 219; TomLinson, 1959:36; THORPE, 
1962:205, 207; BurcHARDT & BuRGHARDT, 1969b: 17, plt. 
1, figs. 17-19 (in color) (syn. of I. interstinctus (Gould, 
1846)); Appotr, 1974:395; Licut’s Manual (3rd ed.), 
1975:465 ( = I. interstinctus). 
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Ischnochiton interstinctus var. radians Carpenter in Pilsbry, 
1892. LeLoup, 1940:3, 7-9, figs. 19-24. 


Lectotype: Redpath Museum, Montreal, Canada, No. 25; 
designated by Palmer (1958). 


Paralectotypes: Redpath Museum, No. 25, 3 additional 
specimens. U.S. National Museum of Natural History, 
Division of Mollusks, No. 19471. 


Remarks: I have not seen the Redpath Museum lectotype. 
However, the paralectotype in the U.S. National Museum 
was obtained on loan; it consists only of the head valve and 
3 pieces of intermediate valves with no portion of the 
girdle. 

The close relationship between this species and Ischno- 
chiton interstinctus (Gould, 1846) has been mentioned 
already in the discussion of the latter. Leloup provides a 
detailed account under the heading “Jschnochiton inter- 
stinctus Gould, 1846 var. radians Pilsbry, 1893 [ = 1892]”. 
Ischnochiton radians is known. There are no difficulties in 
identifying it. The spectacular color variations in speci- 
mens, especially from the Monterey Bay area, which can 
range from completely black to pure white through a 
bewildering combination of mixed colors often involving 
ultramarine blue, generally have led chiton specialists to 
treat it as a species distinct from the unicolored, reddish- 
brown J. interstinctus from the Puget Sound, Washington, 
area. However, the “radians” color variants, several of 
which are illustrated in color by BuRGHARDT & BURGHARDT 
(1969b, plt. 1, figs. 17-19), are not restricted to the Mon- 
terey Bay and the central California area. They have been 
collected in Departure Bay, British Columbia, and on Dall 
Island, southeast Alaska according to BERRY (1927), and 
by the Rev. Elwood B. Hunter at No-Thoroughfare Bay, 
Sitka, also in southeast Alaska (CASIZ Colln.). Strictly on 
shell characters, especially when one looks beyond the color 
to the valve sculpture, the case for a separation into two 
species, or even as geographically different subspecies, 
breaks down. While one may regret the loss of a well-estab- 
lished name that has been in constant use since Pilsbry 
defined it in 1892, for taxonomic reasons there seems to be 
no proper course other than to follow the lead of Burc- 
HARDT & BURGHARDT (1969b), who treat J. radians as a 
synonym of J. interstinctus. The synonymy of J. radians, 
preceding, therefore should be added to that of J. inter- 
stinctus, previously shown in detail. 

A 35m color slide of the U.S.N.M. paralectotype 
(No. 19471) is deposited in the CASIZ Color Slide Series, 
No. 2047. 
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Ischnochiton (Trachydermon) retiporosus 
Carpenter, 1864 


Ischnochiton (Trachydermon) retiporosus Carpenter, 1864b: 
603, and reprint 1872:89, nomen nudum; ibid.:649, and 
reprint 1872:135; 1965:59-60. PirsBry, 1892:75. 

Trachydermon retiporosus (Carpenter, 1864). Coorer, 1867: 
22. 

Ischnochiton retiporosus Carpenter, 1864. Pirssry, 1894:77, 
ple. 16. figs. 47 (type), 50-53 (as “reteporosus”’, typ. err); 
Keep, 1904:349 (as “reteporosus”); WiLLETT, 1919:27; 
DALL, 1921:191; OL_pRoyp, 1924:190; 1927:272; Burcu, 
1942:7; LaRocguE, 1953:13; BURGHARDT & BURGHARDT, 
1969b:17-18, 43, plt. 2, fig. 21 (in color); Kugs, 1974b:366; 
Assortrt, 1974:395. 

Ischnochiton (Lepidozona) retiporosus Carpenter, 1864. 
Berry, 1917:231, 235-236; 1927:164; Smiru, 1947b:18 
(listed only). SmirH & Gorpon, 1948:208; PALMER, 1958: 
275, plt. 30, fig. 7; plt. 35, figs. 4, 5. 

Lepidozona retiporosa (Carpenter, 1864). Caruiste, 1969: 
241. 


Holotype: U.S.N.M. No. 4499. 
Type locality: Puget Sound, Washington. 


Remarks: The holotype of Ischnochiton retiporosus is a 
complete specimen, which exhibits its described characters 
very well. Study of it confirms the current understanding 
of the species and chiton specialists should be able to 
identify it without trouble. It should be listed now as a 
Lepidozona. It has a deep-water habitat, seemingly dredged 
in progressively greater depths toward the southern end of 
its range, which in the north has been recorded from 
Forrester Island, southeast Alaska, west and south of Dall 
Island, in 15-50 fathoms [27-92 m] (WiLLert, 1919), to 
off the southern end of the Baja California peninsula in 
about 230-250 fathoms [423-453 m] (Kues, 1974b). Thus, 
the range is extensive, from about 55°-24° North latitude. 

A color slide of the holotype of Lepidozona retiporosa 
(Carpenter, 1864) is deposited as CASIZ No. 2045 (AGS). 


Ischnochiton ritteri Dall, 1919 


Ischnochiton rittert Dall, 1919:505. OLpRoyp, 1927:272: La 
RocguE, 1953:14; BuRGHARDT & BURGHARDT, 1969b:18 
(syn. of I. trifidus (Carpenter, 1864)); ABBoTT, 1974:395. 

Ischnochiton (Ischnochiton) ritteri Dall, 1919. DAuL, 1921: 
190; SmitH, 1976b:18 (listed only). 


Holotype: U.S.N.M. No. 218759. 


Type locality: “Channel at Juneau, Alaska, Harriman 
Alaska Expedition, collected by Professor W. E. Ritter?’ 
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Remarks: The holotype has been partially disarticulated. 
It consists of a portion of the girdle with valves ii, iii, iv, 
and v in place, the other valves being separate. There is 
a separate portion of the girdle, and a separate piece con- 
sisting of the dried head and foot with the dried-in radula. 
Dall’s measurements are: length, 22; width, 15; height, 
5 mm; he gives the slit-formula as 12 - 2 - 12. 

Study of the holotype and comparison with the holotype 
valves of Ischnochiton (Trachydermon) trifidus Carpen- 
ter, 1864, as well as with other available specimens of this 
older species, leaves no shadow of a doubt that Dall has 
re-described the Carpenter species, which now should be 
listed as J. (Tripoplax) trifidus, Berry (1919) having estab- 
lished a new subgenus to accommodate it. The name ritteri, 
therefore, drops into the synonymy of Carpenter’s trifidus, 
as indicated by BuRGHARDT & BURGHARDT (1969b) without 
supporting evidence at the time. 

Iam indebted to Dr. S. S. Berry for the information that 
in the collection of the Division of Mollusks, U.S. National 
Museum of Natural History, there is another specimen 
with the label: “347287 / Stenoradsia ritteri / Dall. / 
Olga / Washington. Engberg:’ According to Dr. Berry’s 
unpublished notes, this is another example of Ischnochiton 
trifidus. 

Color slides of the holotype of Ischnochiton ritteri Dall, 
1919, are CASIZ Nos. 2175-2177 (Dea Beach photos). 


Ischnochiton sarcosus Dall, 1902 


Ischnochiton sarcosus Dall, 1902:558. F. Baker, 1902:42; 
StronG, 1937:194. 

Ischnochiton (Stenoplax ) sarcosus Dall, 1902. Daux, 1921:190; 
Oxproyp, 1927:269-270; SmiTH, 1947b:18 (listed only); 
1947c:11. 

Stenoplax sarcosa (Dall, 1902). BURGHARDT & BURGHARDT, 
1969b:35 (syn. of Stenoplax conspicua (Pilsbry, 1892)); 
ABBOTT, 1974:397 (syn. of S. conspicua). 


Holotype: U.S.N.M. No. 109043. 


Type locality: “. . . collected at Portuguese Bend, near San 
Pedro, California, by Mrs. T. S. Oldroyd?’ 


Remarks: The holotype is complete, the dimensions (dry) 
given as: l., 36; w., 15; andh., 5 mm; slit-formula 8 - 2 - 10. 
It is a beige-colored Stenoplax, as this genus now is under- 
stood, the color pattern being more like one of those ex- 
hibited by Stenoplax fallax (Carpenter in Pilsbry, 1892). 
Dall compares it with Maugerella Carpenter in Dall, 1879, 
now considered to be a synonym of the genus Stenoplax, 
subgenus Stenoradsia Carpenter in Dall, 1879, of which 
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the type species is Stenoplax conspicua (Carpenter in Pils- 
bry. 1892). rY 

Study of the holotype confirms a long-held suspicion 
that Dall had described a rather unusual color form of 
Ischnochiton conspicuus, the girdle being clothed with 
scales typical of this common, low intertidal zone, southern 
California species. Thus, assignment as a synonym of S. 
conspicua by the BURGHARDTS ( 1969b) and Assorr (1974) 
is validated. 

In providing localities for this species Dall first men- 
tions it as being dredged in 30 fathoms [55 m] off San 
Martin Island, Mexico. a locality cited also by F. BAKER 
(1902) and A. M. Stronc (1937). However, the holotype 
label indicated it was collected on the coast of southern 
California, as shown above, and this, rather than San Mar- 
tin Island, is the correct type locality, the latter being writ- 
ten on the back of the label. The type locality given by 
Oldroyd (1927) is incorrect. Incidentally, the San Martin 
Island locality (in 30 fathoms [55 m]) may represent a 
new depth record for Stenoplax conspicua. 

Color slides of the holotype of Ischnochiton sarcosus 
Dall, 1902. are CASIZ Nos. 2201-2202 (AGS). 


Ischnochiton (Lepidopleurus) scabricostatus 
Carpenter, 1864 


Ischnochiton (Lepidopleurus) scabricostatus Carpenter, 
1864b:612, and reprint 1872:98, nomen nudum; ibid.: 
649, and reprint 1872:135; 1866:212. 

Lepidopleurus scabricostatus (Carpenter, 1864). Cooper, 
1867:22; Lowe, 1904:19 (cited in error as “crebrico- 
status’). 

Ischnochiton (Ischnochiton) scabricostatus Carpenter, 1864. 
Pirspry, 1892:121; 1894:76, pit. 16, figs. 55, 56; Dat, 
1921:191; Smirn, 1947b:18 (listed only). 

Ischnochiton scabricostatus Carpenter, 1864. Pitspry, 1896: 
49-50; 1898a:288; KrEp, 1904:349; OLpRoyp, 1927:276; 
Parmer, 1945:101 (as “I. subexpressus Cpr. type = sca- 
bricostatus Cooper No. 518a... ”) ; 1958:269, plt. 30, 
figs. 10-12; BuRGHARDT & BuRGHARDT, 1969b:18; ABBOTT, 
1974:395. 


Holotype: U.S.N.M. No. 16268. 
Type locality: “Catalina Id. - Cooper.” 


Remarks: The identity of this small, southern California, 
subtidal zone chiton has been obscure ever since Carpen- 
ter’s time and even after Pilsbry covered it in the Manual 
of Conchology. For this reason, a review of its taxonomic 
history may be useful. 

CARPENTER’S first mention of the species name (1864b, 
p- 612) merely lists it as “‘n. s.;’ with the locality ‘Cat. Is., 
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8-20 fm?’ Thus it is a nomen nudum at this point. How- 
ever, he validates the name on a later page (p. 649) with 
the following inadequate description, by present-day 
standards: 


“Small, arched, orange: rows of prominent gran- 
ules over shagreened surface. Lobes blunt, 
slightly rugulose, close to eaves. 8-20 fm. Cp.’ 


In 1866 CarPENTER provided an amplified description 
of the species in Latin, also indicating it as “n.s:’ although 
the name must carry the 1864 date. He gives the dimen- 
sions as: “long. .30; lat. 0.17: div. 100°:’ These convert 
to: 1., 7.6; w., 4.3 mm. He indicates the specimen (speci- 
mens?) were deposited in the “State Collection, No. 1071 
c?’ which refers to the old California State Collection 
eventually turned over to the University of California 
(Berkeley), Department of Paleontology. Unfortunately, 
most of this old collection is lost; at least it no longer can 
be identified. 

The next mention of the species is by Pitspry in the 
Manual of Conchology (1892:121) with the publication 
of a translation of Carpenter’s 1866 Latin diagnosis, which 
actually is misleading as it echoes the mention of “promi- 
nent granules” in the original description by referring to 
“a radiating series of large granules” on the lateral areas, 
with the riblets “furnished with large granules” on the 
central areas, neither of which is borne out by the sculp- 
ture on the holotype of Ischnochiton scabricostatus. PiLs- 
BRY recognized these discrepancies later in the Manual 
(1894:76) when he redescribed the sculpture accurately 
and in greater detail, removing the emphasis on promi- 
nent granules that are not present. His enlarged drawing 
of a portion of valve 11 (plt. 16, fig. 56) is a faithful rendi- 
tion, as also is his enlarged sketch of the girdle scales (plt. 
16, fig. 55). Both Carpenter and Pilsbry describe the color 
of the species as “orange,;’ although I would designate the 
color now as being more nearly a light red-brown, possibly 
due to fading with age. 

A later mention of the species, also by Pitspry (1896: 
49-50), provides the following brief description of a speci- 
men (or specimens) collected at San Pedro, California, by 
Tom S. Oldroyd: 


“Lateral areas with four (on one side of valve i1, 
five; on one side of valves iv and v, three) radial 
riblets, which are very weakly, hardly percepti- 
bly, granose. Sutures very feebly crenate. Ante- 
rior and posterior valves with 9 slits each. Color 
reddish (but not at all of an orange cast), with 
a few inconspicuous white spots on some of the 
lateral areas. [Collected by T. S. Oldroyd at San 
Pedro. | 
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“The typical specimen of I. scabricostatus [U.S. 
N.M. No. 16,268] was orange with some dark 
sutural dots. and the lateral areas are three 
ribbed. some low pustules on the ribs. It was de- 
scribed from Catalina Island’ 


The holotype is a tiny specimen. obviously a juvenile. 
The head and tail valves have been disarticulated and 
are loose; the remaining portion consists of valves i1 to 
vi. inclusive. in place in the somewhat incomplete girdle, 
valve vii is missing: the dried-in animal appears to be 
incomplete. With the holotype are two museum labels, 
both carrying the designation “Type:’ The earlier label 
reads: “Lepidopleurus scabricostatus Cpr. / Catalina Id. - 
Cooper’: a later label changes the genus to Ischnochiton 
based on a subsidiary label in Dall’s handwriting. 

Careful inspection of the holotype, although a juvenile, 
proves it to be the same as the deep-water species later 
described as Ischnochiton (Lepidozona) golischi Berry, 
1919. This later-named species therefore becomes a syno- 
nym of Lepidozona scabricostata (Carpenter, 1864). 

In his report on the chitons collected by Dr. Harold 
Heath at Pacific Grove, near Monterey, California, Pits- 
BRY (1898a:288) includes a chiton identified as Ischnochi- 
ton scabricostatus. Among specimens borrowed for study 
from the Academy of Natural Sciences of Philadelphia 
was a single specimen with the following museum label: 
“TI. scabricostatus Cpr. var. Pacific Grove, nr. Monterey. 
Cal. / H. Heath!” Dimensions indicated are: 1., 15.5; w.. 
8 mm. The specimen is ANSP No. 72128 and without 
question is the one referred to by Pilsbry. Doubtless this 
specimen is another that would have been identified other- 
wise as Lepidozona golischi, confirming the correctness 
of Pilsbry’s identification. ‘he occurrence of this species 
of Lepidozona in Monterey Bay should occasion no sur- 
prise in view of the collecting records in the Pacific North- 
west mentioned in earlier remarks relating to L. golischi. 

Enlarged color-slide photographs of the holotype of 
Lepidozona scabricostata are on file as CASIZ Nos. 2974- 
2977 (AGS) and 3119 (Ferreira). 


Ischnochiton (Ischnochiton) sinudentatus 
Carpenter in Pilsbry, 1892 


Ischnochiton (Ischnochiton) sinudentalus Carpenter MS, 
Pilsbry, 1892:128 (in sec. Lepidozona). Dati, 1921:192 
(in sec. Lepidozona); OLpRoyp, 1927:283 (in sec. Lepido- 
zona). 

Ischnochiton (decipicns vay.?) sinudentatus Carpenter in 
Pilsbry, 1892. Pirspry, 1898a:288. 
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Ischnochiton sinudentatus Carpenter in Pilsbry, 1892. KEEP, 
1904:349; Burcu, 1942:7; PALMER, 1945:101; LicHT’s 
Manual (2nd ed.) , 1954:217, 219. 

Ischnochiton (Le pidozona) sinudentatus Carpenter in Pilsbry, 
1892. Berry, 1922:476-477, table 1, plt. 12, figs. 10-17; 
PALMER, 1958:276, plt. 30, figs. 8, 9; plt. 33, figs. 1-5; 
SMITH, 1947b:18 (listed only); SMiTH & GorDON, 1948:208. 

Ischnochiton clathratus Reeve, 1847, var. sinudentatus Pils- 
bry, 1893 [= 1892]. LeLoup, 1940:3, 17-18. 

Lepidozona sinudentata (Carpenter in Pilsbry, 1892). Burc- 
HARDT & BURGHARDT, 1969b:22-23, 43-44, plt. 2, figs. 29-32 
(in color) (with syn. L. gallina (Berry, 1925)); AsBort, 
1974:395 (with syn. L. berry: (Dall, 1919)); Licnt’s 
Manual (3rd ed.), 1975:463, 465. 


Syntypes: Redpath Museum, Montreal, Canada, No. 27 
(4 specimens). 


Type locality: ‘California.’ 


Remarks: Carpenter’s label for the 4 specimens in the 
syntype series preserved dry in the Redpath Museum is in 
white ink on a glass slide, following his usual label-writing 
practice. It reads: “‘Ischnochiton sinudentatus Cpr. (Type). 
California:’ One of the specimens has valves 1, vii and viii 
disarticulated. This is the largest in the series and is herein 
designated as the lectotype as the separate head and tail 
valves permit verification of the slit-formula, indicated by 
Pilsbry as 10- 1-9; the loose valves also show the configura- 
tion of their ventral surfaces. The lectotype is 12.0 mm 
long. The other 3 specimens, which become paralectotypes, 
measure 10.0, 6.7, and 4.9 mm in length, respectively. 

While the syntype series represents rather small, young 
specimens, their dorsal sculpture agrees with that occur- 
ring on younger specimens in an intertidal zone series 
collected along the Monterey Peninsula, central Califor- 
nia, by the Rev. Elwood B. Hunter (AGS Colln. No. 10545) 
and with smaller specimens in a series of “Ischnochiton 
berry? Dall, 1919” dredged in 11.0 to 14.6 m in Monterey 
Bay on the shale bed off Del Monte by A. G. Smith and 
C. S. Fackenthall (AGS Colln. No. 4571). The dorsal rib- 
bing of “Ischnochiton decipiens Carpenter in Pilsbry, 
1892” dredged in 25 fathoms [45.7 m] off Redondo Beach, 
southern California, by John Q. and Tom Burch (AGS 
Colln. No. 5996) is markedly less prominent and more 
finely cut than the dorsal ribbing on the Monterey speci- 
mens, although the general sculptural arrangement is 
essentially the same. 

As indicated in earlier remarks under each of their re- 
spective names, the following belong in the genus Lepido- 
zona Pilsbry, 1892, along with L. sinuwdentata, and are so 
closely related to this species that they should be consid- 
ered as synonyms of it: 
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Ischnochiton berryi Dall, 1919 

Ischnochiton decipiens Carpenter in Pilsbry, 
1892 

Ischnochiton (Lepidozona) gallina Berry, 1925 

Ischnochiton listrum Dall, 1919. 


Although there are slight differences in the type of sculp- 
ture occurring on subtidal zone specimens from Monterey 
Bay and from off southern California, these seem to be 
well within the limits of individual sculptural variation 
for the species. A fairly broad interpretation in this in- 
stance would appear to be the conservative approach, call- 
ing for the assignment of 4 West Coast chiton names as 
synonyms. with the consequent simplification of taxo- 
nomic procedures. This step appeals to me also as making 
both evolutionary and ecological sense. 

Color-slide transparencies of the syntype series of Lepi- 
dozona sinudentata as well as of the largest specimen desig- 
nated as the lectotype are deposited as CASIZ Nos. 2075- 
2077 (AGS) and 3078-3080 (Ferreira). 


Ischnochiton stearnsii Dall, 1902 


Ischnochiton stearnsii Dall, 1902:557-558. SMITH & Cowan, 
1966:13-15, fig. 21; TaLmancE, 1973:232. 

Ischnochiton (Ischnochiton) stearnsii Dall, 1902. DALt, 1921: 
192 (in sec. Lepzdozona); OLpRoyp, 1927:283-284 (in sec. 
Lepidozona). 

Ischnochiton (Lepidozona) stearnsii Dall, 1902. Smit, 1947b: 
18 (listed only). 

Lepidozona stearnsii (Dall, 1902). BURGCHARDT & BURGHARDT, 
1969b:23; Axsotr, 1974:395 (in subgenus Tripoplax 
Berry). 


Holotype: U.S.N.M. No. 109024. 
Type locality: “Dredged by the U. S. Fish Commission 


steamer Albatross off the Farallones Islands, near San Fran- 
cisco, California, at station 3104, in 391 fathoms, coral, 
bottom temperature 41°F .. .” 


Remarks: The holotype consists of the girdle with 4 inter- 
mediate valves in place; the head and tail valves are dis- 
articulated and entire; a fifth intermediate valve is broken 
into 3 pieces. The back of the museum label has a pen- 
cilled notation: “1 plate gift to S$. S. Berry, 1951; which 
undoubtedly is in Dr. Berry’s collection in Redlands, Cali- 
fornia. Dall gives the dimensions as: length, about 25; 
width, 15; height, 6 mm. The slit-formula is 17-2-15. 
Ischnochiton stearnsii is a rare, deep-water species of 
which only 3 specimens are known to have been collected. 
The major distinguishing features are the large numbers 
of slits in the end valves, high for most Ischnochitons, and 
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the closely-packed, bluntly-rounded girdle scales, the lat- 
ter being well illustrated in SmiTH « Cowan (1966, fig. 21). 
Dall’s reference to “‘large spines’’ seems to me to be mis- 
leading after a careful examination of the holotype. I 
would not have used this term, which would more appro- 
priately be applied to the girdle decoration of many species 
of Acanthopleura. 

The second specimen of J. stearnsii is in the collection 
of the Los Angeles County Museum of Natural History 
(No. 10,328). It was taken in 255 fathoms [466 m], 7.2 
miles [11.6 km], 190° True from Long Pt., Santa Catalina 
Island (lat. 33° 24’27”N, long. 118° 13’15’’W) by the R/V 
Velero IV during Cruise No. 641 on 13 February 1965. It 
agrees in practically all essential characters with Dall’s 
original description. All but 2 of the intermediate valves 
are broken with some of the pieces missing. The head 
valve has 12 slits remaining, part of the left margin being 
lost. The teeth between the slits are of irregular size, ob- 
soletely scalloped at the ends. Slit rays show as thin, white 
lines of more transparent shell material, without puncta- 
tions. Intermediate valves ii and vii are single-slitted; the 
others have 2 well developed slits on the right side, the left 
sides being incomplete. 

A third specimen has been reported by TALMADGE 
(1973) from 360 fathoms [648 m] off Trinidad, Humboldt 
County, California. I have not seen this one. 

The girdle scales are unusual for an Jschnochiton. They 
are variable in size and shape, depending on their loca- 
tion in the girdle. In general, they are smooth, subcylin- 
drical, curved, conical, and more elongate than the usual 
type of Ischnochiton girdle scale. They have a concave 
base and taper abruptly into a blunt apex; the curvature 
is directed inward. Dall’s reference to the “‘pebbly appear- 
ance’’ of the girdle is apt in this instance, the ‘“‘pavement- 
like” aspect being especially noticeable, which seems to 
be a normal character and not due to wear, as Dall infers. 
Also, in the Los Angeles Museum specimen, I do not find 
the mixture of larger and smaller spines and spinules that 
Dall describes for the holotype but this may be due to a 
variation between individuals or to a misinterpretation of 
Dall’s description of the girdle characters. 

Assignment of Ischnochiton stearnsii to a correct taxo- 
nomic position in the Ischnochitonidae with any degree 
of authority is difficult because of the small amount of in- 
formation about the species. I would place J. stearnsii close 
to I. abyssicola Smith & Cowan, 1966, but not with J. tri- 
fidus Carpenter, 1864, in the subgenus Tripoplax Berry, 
1919, as indicated by Assorr (1974). Certainly it does not 
qualify for inclusion in the genus Lepidozona Pilsbry, 1892, 
to which others have referred it since Datt did so in 1921: 
192. The establishment of a new subgenus covering J. 
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stearnsii, I. abyssicola, and I. acelidotus (with syn. I. exan- 
‘hematus) mainly on the peculiarity of the girdle scales of 
these species is a taxonomic step I hesitate to take without 
knowing more about these rare and unusual Ischnochitons. 

Color slides of the holotype of Ischnochiton stearnsti are 
on deposit as CASIZ Nos. 1030-1033, 1046, 1070, 2050. 
2051 (AGS) and Nos. 3120-3122 (Ferreira). 


Ischnochiton (Ischnochiton) subclathratus 
Pilsbry, 1892 


Lepidopleurus clathratus Carpenter, 1857b:195 (not Chiton 
clathratus Reeve, 1847, fide Pitspry, 1892:194); BRANN, 
1966:45, fig. 253. 

Ischnochiton clathratus Carpenter MS, Pilsbry, 1892:124-125. 

Lepidopleurus subclathratus (Pilsbry, 1892). KEEN, 1968:454, 
plt. 39, fig. 97. 

Ischnochiton (Ischnochiton) subclathratus Pilsbry, 1892. Pits- 
BRY, 1892:124; KEEN, 1958:521 (with syn. Lepidopleurus 
clathratus Carpenter, 1856, not Reeve, 1847); THORPE (in 
KEEN, 1971):875 (syn. of Lepidozona elenensis (Sowerby, 
1832)); FERREIRA, 1974:164, 165 (syn. of Lepzdozona 
clathrata (Reeve, 1847)). 


Holotype: British Museum (Natural History). 


Type locality: “Mazatlan [Sinaloa, Mexico], under a 
stone: 


Remarks: Carpenter based his species on a single, very 
small specimen. His description and comments point to 
the probability that it is merely the juvenile stage of the 
fairly common Panamic Lepidozona clathrata (Reeve, 
1847). This is supported by a photograph and sketch of 
the type specimen in the British Museum (N. H.) fur- 
nished by Dr. Myra Keen. Carpenter’s drawing. as repro- 
duced by BRANN (1966. fig. 253) is crude and not repre- 
sentative. THORPE (in KEEN. 1971) places Lepidopleurus 
clathratus Carpenter, 1857 (not Reeve. 1847) and Ischno- 
chiton subclathratus Pilsbry, 1892, in the synonymy of 
Lepidozona elenensis (Sowerby. 1832) giving no reasons 
or supporting evidence for such an assignment. More re- 
cently. FERREIRA (1974) has treated Ischnochiton subclath- 
ratus Pilsbry. 1892, as a synonym of Lepidozona clathrata 
(Reeve. 1847). which I believe available evidence indi- 
cates is the correct taxonomic procedure to be followed in 
this instance. 


Ischnochiton (Trachydermon) trifidus 
Carpenter, 1864 


Ischnochiton (Trachydermon) trifidus Carpenter, 1864b:603, 
and reprint 1872:89, nomen nudum; tbid.:649, and re- 
print 1872:135; 1865:60. 


Trachydermon trifidus (Carpenter, 1864). Cooper, 1867:22. 

Ischnoradsia trifida (Carpenter, 1864). Dati, 1871:135 (as 
“Isnoradsia, typ. err.); 1879:297, 331-332, plt. 2, figs. 17, 
17a (radula teeth); WHITEAVES, 1877:126. 

Ischnochiton trifidus Carpenter, 1864. Keep, 1904:349; Wit- 
LETT, 1919:27; Ovproyp, 1924:193; Burcu & BURCH, 
1943b:8 (Pleistocene); LARocQuE, 1953:14; BURGHARDT 
& BURGHARDT, 1969b:18, 43, plt. 2, fig. 22 (in color) (with 
syn. J. ritteri Dall, 1919). 

Ischnochiton (Ischnochiton) trifidus Carpenter, 1864. Pis- 
BRY, 1893:142-152, plt. 18, fig. 40 (in sec. Radsiella Pilsbry, 
1892); 1894:86-87, plt. 17, figs. 64-67 (in sec. Ischnoradsia 
Shuttleworth, 1853); DALL, 1921:195 (in sec. Tripoplax 
Berry, 1919) ; O-pRoyp, 1927:285-286 (in sec. Tripoplax). 

Ischnochiton (Radsiella) trifidus Carpenter, 1864. BrErry, 
1917:232-238. 

Ischnochiton (Tripoplax) trifidus Carpenter, 1864. BERRy, 
1919b:1-2; 1927:164; EyerpaM, 1924:28 (sg. “Trioplax; 
typ. err.); THIELE, 1929:17; Situ, 1947): 18 (listed only); 
1960:56; PALMER, 1958:277-278; SMiTH « Cowan, 1966: 
11, 13, fig. 20; ABsorr, 1974:394. 


Holotype: U.S.N.M. No. 30946. 


Type locality: “ ... obtained at Sitka in 14 fathoms stony 
mud, off the fish-house?} southeast Alaska (DALL, 1871). 


Remarks: The holotype of Ischnochiton trifidus now con- 
sists of 4 disarticulated valves only. They are complete, 
however, and include the head, 2 intermediate, and tail 
valves. 

Carpenter’s original description is wholly inadequate, 
as follows: 


“Centre punctures few, deep: 2-4 blunt ribs: side 
plates with 2 slits:’ 


Fortunately, Pilsbry’s clear and detailed diagnosis and 
good illustrations in the Manual of Conchology make 
identification of this species relatively easy. It is a rare. 
subtidal zone species, quite large-sized for a West Coast 
Ischnochiton when fully grown. So far, it is the only species 
assigned to the subgenus Tripoplax Berry, 1919. 

Color slides of the holotype valves of Ischnochiton tr- 
fidus are CASIZ Nos. 2173, 2174 (AGS). 


Ischnochiton venezius Dall, 1919 


Ischnochiton venezius Dall, 1919:509. BURGHARDT & BuRc- 
HARDT, 1969b:18; Appotr, 1974:395. 

Ischnochiton (Ischnochiton) venezius Dall, 1919. Dat, 1921: 
191; O_pRoyp, 1927:274; SmitTH, 1947b:18 (listed only). 


Holotype: U.S.N.M. No. 216792. 
Type locality: ‘““Near Venice, California (Univ. Southern 
California).’ 
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Remarks: The holotype is a small. fairly well preserved 
specimen. with valve viii missing. Dall’s measurements 
are: L., 7; W.. 3.5; H., 2mm. The slit-formula is 12-1-12. 

Study of the holotype leaves no doubt, as suspected by 
the BurcHARDTS (1969), that Dall has re-described a juve- 
nile specimen of Lepidozona retiporosa (Carpenter, 1864), 
which is a reasonably well-known and well-defined West 
Coast subtidal zone species. 

Color slides of the holotype of Ischnochiton venezius 
are CASIZ Nos. 2049, 2966, 2967 (AGS); 3123, 3124 (Fer- 
reira). 


Ischnochiton veredentiens Carpenter, i864 


Ischnochiton veredentiens Carpenter, 1864b:612, and reprint 
1872:98, nomen nudum; ibid.:649, and reprint 1872: 
135; 1866:211. Coorer, 1867:22; KEEP, 1904:349; BErry, 
1907:51; OLpRoyn, 1927:277; PALMER, 1958:269-270, plt. 
29, figs. 9-14; BuRGHARDT & BurGHARDT, 1969b:18-19; 
Asport, 1974:395. 

Ischnochiton (Ischnochiton) veredentiens Carpenter, 1864. 
Pitssry, 1892:122; Dati, 1921:191; SmitH, 1947b:18 
(listed only). 

Ischnochiton (Lepidozona) veredentiens Carpenter, 1864. 
SMITH & Gorpon, 1948:208. 


Holotype: U.S.N.M. No. 16239. 
Type locality: Santa Catalina Island (J. G. Cooper). 


Remarks: The type specimen is a juvenile, which the illus- 
trations show, and which a careful study of it by Dr. Fer- 
reira and by me confirms. It consists of 6 disarticulated 
valves and at least a portion of the dried animal; the head 
and one intermediate valve are missing. 

PALMER (1958) provides a good taxonomic review of 
this species. It is, without doubt, a Lepzdozona, which, as 
Carpenter states in his original description, is sculptured 
more nearly like L. mertensi: (Middendorff, 1847), type 
of the genus Lepidozona Pilsbry, 1892. It is not the same 
as Ischnochiton scabricostatus Carpenter, 1864, which was 
dredged by Dr. J. G. Cooper off Santa Catalina Island also, 
and which now is properly assigned to the genus Lepido- 
zona. There are two other species of Lepidozona that have 
been dredged in moderately deep water off this southern 
California Channel Island: L. catalinae (Willett, 1941) 
[=L. willetti (Berry, 1917)] from 30 fathoms [55 m], and 
L. golischi (Berry, 1919) [ = L. scabricostata (Carpenter, 
1864)] from 43 fathoms [79 m] (CASIZ Colln.). Until ad- 
ditional specimens of Lepidozona veredentiens can be col- 
lected and compared with the juvenile stages of the two 
other Santa Catalina Island species, probably it should con- 
tinue to be treated asa valid species until proved otherwise. 
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Color slides of the holotype of Ischnochilon veredentiens 
are CASIZ Nos. 2978 (AGS) and 3125 (Ferreira). 


Ischnochiton (Lepidozona) willetti 
Berry, 1917 


Ischnochiton (Lepidozona) willeiti Berry, 1917: 232, 236-238, 
figs. 1, 2. 

Ischnochiton willeiti Berry, 1917. Wiriert, 1919: 27; Oxp- 
Royp, 1924: 192-193; LaRocqueE, 1955: 13. 

Ischnochiton (Ischnochiton) willetti Berry, 1917. Datx, 1921: 
192 (in sec. Lepidozona); OLDROYD, 1927: 279-280 (in sec. 
Lepidozona). 

Lepidozona willetti (Berry, 1917). BURGHARDT & BURGHARDT, 
1969b: 23; Apsotr, 1974: 395. 


Holotype: “A shell preserved dry [S.S.B. 159] as Cat. No. 
3700 of the author’s collection”’ 


Paratypes: California Academy of Sciences, Geology Type 
Collection, No. 1123; Academy of Natural Sciences of 
Philadelphia; U.S. National Museum of Natural History; 
George Willett private collection (in Los Angeles County 
Museum of Natural History ?). 


Type locality: “15-20 fathoms, Forrester Island, Alaska; 
George Willett, May-July-August, 1914-1916; 36 speci- 
mens.’ 


Remarks: This species is a Pacific Northwest subtidal zone 
Lepidozona closely related to L. scabricostata (Carpenter, 
1864). It should remain valid unless it can be shown to be 
a synonym of this latter species. Lepidozona catalinae (Wil- 
lett, 1941), already has been assigned herein as a synonym 
of L. willetiz. 

Color slide of the paratype in the California Academy 
of Sciences is CASIZ No. 3101 (Ferreira). Additional color 
slides of the girdle scales of a specimen in the San Diego 
Museum of Natural History( SDNH No. 23505) are CASIZ 
Nos. 3126, 3127 (Ferreira). 


SCHIZOPLACIDAE 


Schizoplax multicolor Dall, 1920 


Schizoplax multicolor Dall, 1920:22-23; 1921:189. Ovproyp, 
1927: 265-266; SmitH, 1947a:13; 1947b:18 (listed only); 
LaRocgue, 1953:11; BurcHARDT & BuRGHARDT, 1969b: 
36 (syn. of S. brandii: (Middendorff, 1847)); Ansorr, 1974: 
399. 
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Holotype: U.S.N.M. No. 383018. 


Type locality: “St. Paul Island, Bering Sea} Pribilof 
Islands (U. S. Bureau of Fisheries). 


Remarks: The holotype of Schizoplax multicolor is a 
unique specimen. It consists of the dried animal on which 
only the tail valve is in place. The remaining valves are 
loose, the head valve being entire; the 6 intermediate 
valves are broken apart along the jugal sutures peculiar to 
chitons of this family. In becoming loosened from the 


girdle. the insertion plates have been broken off, portions 


of them remaining in the dried girdle. This may be due 
to the fact. as indicated on the original museum label, that 
the specimen was found in the crop of an Eider Duck. 

Dall says his new species ‘‘differs from the type of the 
genus S. brandtii Middendorff in color, form, characters 
of the girdle and depression of the body;’ all of which may 
be well within the limits of variation in these characters 
occurring in specimens of the older-named species. Until 
there is evidence of the existence of more than one species 
of Schizoplax on the Pribilof Islands in particular, or in 
Alaska in general. which seems unlikely, I recommend S. 
multicolor be treated as a synonym of S. brandtii (Mid- 
dendorff. 1847), as already suggested by the BuRGHARDTs 
(1969). 

A color slide of the holotype of Schizoplax multicolor 
is deposited as CASIZ No. 2247 (AGS). 


CALLISTOPLACIDAE 


Callistochiton acinatus Dall, 1919 


Callistochiton acinatus Dall, 1919:510; 1921:194. O_pRoyp, 
1927:296; Wittetr, 1937:26; SmitH, 1947b:18 (listed 
only); BURGHARDT & BURGHARDT, 1969b:12 (syn. of C. 
palmulatus Carpenter in Pitssry, 1893); Apsorr, 1974: 


399. 
7 
Holotype: U.S.N.M. No. 218735. 


Type locality: ‘Shore at San Pedro, California.’ 


Remarks: This taxon is based on a single individual. The 
holotype now is in 3 pieces, valves i and ii in place in one, 
valves iii-vii in another, with valve viii being separate. The 
specimen is small, obviously a juvenile, Dall’s measure- 
ments being: length, 6; width, 3; height, 1.5 mm. 
Careful study of the dorsal sculpture of the holotype 
reveals no characters that differ in any marked particulars 
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from young specimens of Callistochiton palmulatus Car- 
penter in Pilsbry. 1893. C. acinatus, therefore, should be 
relegated to the synonymy of C. palmulatus, as indicated 
by the Burghardts (1969). 

A color slide of the holotype of Callistochiton acinatus 
is CASIZ No. 1991 (AGS). 


Callistochiton celetus Dall, 1919 


Callistochiton celetus Dall, 1919:510-511; 1921:104. O_proyp, 
1927:296-297; SmarH, 1947b: 18 (listed only) ; BURGHARDT 
& BURGHARDT, 1969b:12 (syn. of C. palmulatus); ABsotr, 
1974:399. 


Syntypes: U.S.N.M. No. 218770. 
Type locality: ‘‘Shore at San Pedro, California.” 


Remarks: The type lot of Callistochiton celetus consists 
of 2 specimens, one entire, the other now in 3 pieces, hav- 
ing been partly disarticulated. Study of these 2 specimens 
provides no basis whatever for separating them from sub- 
adult specimens of C. palmulatus Carpenter in Pilsbry, 
1893. C. celetus, therefore, becomes another synonym of 
C. palmulatus along with C. acinatus Dall, 1919, and con- 
firms the earlier assignment by the BurcHARDTs (1969). 
The entire specimen of the syntype series is designated 
herein as the lectotype of Callistochiton celetus; the disar- 
ticulated specimen becomes a paralectotype. A color slide 
of the syntype series is on file as CASIZ No. 1990 (AGS). 


Callistochiton chthonius Dall, 1919 


Callistochiton chthonius Dall, 1919:511-512; 1921:194. OLp- 
ROYD, 1927:298; SmitH, 1974b: 18 (listed only); BURGHARDT 
& Burcuarpt, 1969b:12 (syn. of C. decoratus Pilsbry, 
1893); ApBotr, 1974:399 (syn. of C. decoratus). 


Holotype: U.S.N.M. No. 109488. 
Type locality: San Pedro, California (Oldroyd). 


Remarks: Callistochiton chthonius is based on a single 
specimen, the holotype. It is a well preserved adult, entire, 
colored blackish-brown over-all, with a length of 21.5 mm. 
Comparison with other adult specimens of C. decoratus 
Pilsbry, 1893, leaves no doubt that Dall has re-described 
this fairly common, southern California, intertidal zone 
species. Callistochiton chthonius, therefore, must be in- 
cluded in the synonymy of C. decoratus, as indicated by 
BURGHARDT & BURGHARDT (1969) and Assotr (1974) al- 
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though not accompanied at the time by any supporting 
evidence for this assignment. 

A color slide of the holotype of Callistochiton chthonius 
Dall, 1919, is CASIZ No. 1988 (AGS). 


Callistochiton connellyi Willett, 1937 


Callistochiton connellyi Willett, 1937:25-26, plt. 2, fig. 13. 
Cuace, 1942:43; SmiTH, 1947b:18 (listed only); SMITH & 
Gorpon, 1948:208; BURGHARDT & BURGHARDT, 1969b:11, 
43, plt. 1, fig. 4 (in color); Apsort, 1974:399. 


Holotype: Los Angeles County Museum of Natural His- 
tory, No. 1048. 


Paratypes: Academy of Natural Sciences of Philadelphia; 
private collections of Mr. and Mrs. Philip M. Connelly and 
George Willett (in Los Angeles County Museum ?). 


Type locality: ““Arbolitos Point, near Ensenada, Lower 
California, Mexico:’ 


Remarks: According to WILLETT (1937) there were 40 
specimens in the type lot collected by the Connellys. The 
specimens are all small, the holotype measuring: length, 6; 
width, 3.4; height, 1 mm; I believe them to be juveniles. 
The Point Pinos record (Monterey County, California) re- 
ported by CuHAcE (1942), is, I am certain, based on juve- 
niles of C. palmulatus Carpenter in Pilsbry, 1893 (or its 
“variety” mirabilis Pilsbry, 1893) as I have collected these 
myself many times along the Monterey Peninsula, espe- 
cially in the Great Tide Pool at Point Pinos. A black-and- 
white photograph of the holotype in the Los Angeles 
County Museum of Natural History provided by Dr. 
James McLean does not belie its identity with juvenile 
C. palmulatus. Willett himself compares his species with 
Callistochiton acinatus Dall, 1919, which previously 
herein has been determined to be synonymous with C. 
palmulatus. 

On the basis of the above, I recommend assigning Cal- 
listochiton connellyi Willett, 1937, to the synonymy of 
C. palmulatus Carpenter in Pilsbry, 1893. 


Callistochiton cyanosus Dall, 1919 


Callistochiton cyanosus Dall, 1919:511; 1921:194. OLpRoyp, 
1927:298-299; SmiruH, 1947b:18 (listed only); BURGHARDT 
& BURGHARDT, 1969b:12 (syn. of C. decoratus Pilsbry, 
1893); Appotr, 1974:399 (syn. of C. decoratus). 
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Holotype: U.S.N.M. No. 109317. 


Type locality: “Long Beach, San Pedro, California, Mrs. 
Hartwell:’ 


Remarks: This taxon is based on a single specimen, the 
holotype. It is partly disarticulated with valves vii and viii 
separate; little is left of the girdle. The color is a very pale 
green with the posterior portion of the latero-pleural areas 
of all valves tinged with a light yellow-brown. The sculp- 
ture is clean-cut and sharp, the central areas pitted. Like 
Callistochiton chthonius Dall, 1919, preceding, C. cyano- 
sus cannot be separated from C. decoratus Pilsbry, 1893, 
and therefore becomes a synonym of this latter, earlier- 
described species, an assignment already indicated by the 
BuRGHARDTS (1969) and Aszotr (1974). Such differences 
that exist between the two species in both sculpture and 
color are, I am convinced, well within the limits of varia- 
tion one finds in specimens of C. decoratus from various 
localities along the coast of southern California. 

A 35 mm color slide of the holotype of Callistochiton 
cyanosus Dall, 1919, is CASIZ No. 1989 (AGS). 


Callistochiton decoratus punctocostatus Pilsbry, 1896 


Callistochiton decoratus punctocostatus Pilsbry, 1896:50. 
Dati, 1921:194; BERRY, 1922:481-483, table 1, plt. 14, 
figs. 1-6 (Pleistocene); OLDRoyD, 1927:295; SmiTH, 1947b: 
18 (listed only); SmiTH & Gorpon, 1948:208; Assort, 
1974:399. 


Holotype: Academy of Natural Sciences of Philadelphia. 
Type locality: Southern California (San Pedro). 


Remarks: Although I have not had the holotype of this 
subspecies at hand for study, I am of the opinion that the 
sculptural differences from the nominate species, as indi- 
cated by Pirssry (1896), are within the limits of sculptural 
variation that occurs among individuals and thus do not 
provide any sound criteria for the establishment of a sub- 
species name. As indicated above under the remarks on 
Callistochiton cyanosus, the pitted sculpture on the central 
areas of C. decoratus is somewhat variable in unworn speci- 
mens but it varies also on older specimens with wear due 
to age. I therefore recommend the subspecies punctoco- 
status Pilsbry, 1896, be dropped as having no special taxo- 
nomic validity and listed in the synonymy of C. decoratus 
Pilsbry, 1893. 
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Callistochiton fishexvi Dall. 1919 


Callistochiton fishert Dall, 1919:512; 1921:194. OLpRoyp, 
1927:297; La Rocovr, 1953:12; THorre (in KEEN, 1971): 
$73 (syn. of C. pulchellus Gray, 1828); Absorr, 1974:399. 


Syntypes: U.S.N.M. No. 110353 (6 specimens). 


Type locality: “Glory of Russia Bay, Tanaga Island, Aleu- 
tions, on a sponge thrown up by the surf; W. J. Fisher’ 


Remarks: The 6 specimens in the syntype series are small 
and curled, some of the valves being loose. The original 
label has a question mark (?) written in after the phrase 
“Aleutian Islands,’ indicating doubt about the locality. 
Such doubt seems justified; chitons of the genus Callisto- 
chiton have not hitherto been reported as collected as far 
north as the Aleutian Islands. The dorsal sculpture on the 
central areas of the intermediate valves consists of irregu- 
lar, diamond-shaped pits formed by the intersections of 
diagonal ribs rather than the combination of longitudinal 
and lateral ribbing, which forms squarish pits. This type 
of sculpture’ is characteristic of the South American Cal- 
listochiton pulchellus Gray, 1828, but not of any other 
West American Callistochiton. 

Because of the doubt surrounding the locality of Cal- 
histochiton fisheri (quite possibly due to a misplacement 
of locality labels). and because no other specimens have 
been reported as collected since Fisher obtained the syn- 
type series, it should probably remain as a synonym of 
C. pulchellus, as assigned by THorreE (17 KEEN. 1971). It 
might be noted that W. J. Fisher participated as a natu- 
ralist with the USS Tuscarora Telegraph Sounding Expe- 
dition and collected along the peninsula of Baja California 
in the 1870's. 

A color slide showing 4 of the specimens of Callistochi- 
ton fisheri in the syntype series is CASIZ No. 1933 (AGS). 


Acanthopleura fluxa Carpenter, 1864 


Acanthopleura fluxa Carpenter, 1864:612, and reprint 1872: 
98, nomen nudum; ibid.:649, and reprint 1872:135; 1866; 
211. Cooper, 1867:22. 

Chiton (Nuttallina) scabra Reeve, 1847. OrcuTT, 1885:544. 

Nuttallina scabra (Reeve, 1847). Pirssry, 1893:280-281, plt. 
54, figs. 21, 22; plt. 56, figs. 19, 20 (with syns. Chiton scaber 
Reeve and Acanthopleura fluxa Carpenter); RAYMOND, 
1894: 133-134; Keep, 1904:267, 349; 1911:258; 1935:29; 
M. Smitu, 1907:67; Lowe, 1913:28. 

Nuttallina californica (Reeve, 1847) var. scabra (Reeve, 1847). 
LeELoup, 1940: 3, 25-27. 

Nuttallina cf. N. fluxa (Carpenter, 1864). Berry, 1918:63; 
CHACcE & CHACE, 1919:42 (Pleistocene); BERRY, 1922:441. 


Nuttallina fluxa (Carpenter, 1864). Pirspry, 1S98:250 (= 
Chiton scaber Rve., 1847, not of Blainville, 1825); DALt, 
1921:190; OLpRoyp, 1927:264-265 (new name tor N. sca- 
bra Reeve); Berry, 1935:89-90, 2 figs. (2 valves); A. 
SmitH, 1947a:16; 1947b:18 (listed only): PaLMerR, 1958: 
265-266, plt. 28, figs. 16-19; A. StH, 1963:148; McLEan, 
1969:61-62, fig. 34,4; BURGHARDT & BURGHARDT, 1969a:228 
(less than 8 valves); 1969b:32, 44, plt. 4, fig. 66 (in color); 
ApBoTT, 1974:400, fig. 4694a (with syn. Chiton scaber 
Reeve, 1847, not Blainville, 1825). 


Holotype: U.S.N.M. No. 15690b. 


Type locality: The first mention of a locality is “Cat. Is.” 
[i.e., Santa Catalina Island, California] (CARPENTER, 1864: 
612); the second mention (ibid.:649) is a tabular reference 
to the islands in the Santa Barbara group; the third (Car- 
PENTER, 1866:211) cites “Santa Barbara Island, Cooper’ 
Two separate labels with the holotype specimen state the 
type locality as: “Santa Barbara Cooper:’ Cooper, who un- 
doubtedly collected the first specimens of Acanthopleura 
fluxa, which he sent to Carpenter, gives the locality as 
“Catalina I., or Santa Barbara I., Cal:’ (Cooper, 1867:22). 
As the above offers a choice as to type locality, I hereby 
select the first-cited one, viz. Santa Catalina Island in the 
southern Santa Barbara Channel off Los Angeles County, 
California. 


Remarks: The holotype of Acanthopleura fluxa Carpen- 
ter, 1864 [— Nuttallina fluxa (Carpenter, 1864) | which is 
preserved dry in the U. S. National Museum of Natural 
History, is complete and in relatively good condition. It 
has been partially disarticulated, valves i, ii, and viii being 
separate. 

The taxonomic history of Nuttallina fluxa is compli- 
cated and a review of it may be of some interest to chiton 
taxonomists. It originates with two chiton species pub- 
lished and illustrated in the Conchologia Iconica (vol. 4, 
Chitonidae) by REEVE in 1847. These are: Chiton califor- 
nicus Nuttall MSS, with the habitat “California” (plt. 16, 
species no. and fig. 89, and detail of sculpture of valves vil 
and viii of species no. 89); and Chiton scaber Reeve (Mus. 
Cuming), with habitat “Central America” (plt. 17, species 
no. and fig. 106, and sculptural detail of valves vii and viii 
of species no. 106). 

Carpenter’s original description of A. fluxa is meager, 
as follows: 

“Green mottled with orange-red; not beaked; 
with only marginal and diagonal ribs.” 
Later (1866), however, he amplified it considerably in 
Latin. He undoubtedly recognized the occurrence of at 
least two species of “Acanthopleura” on the West Coast 
as he lists “Acanthopleura scabra, Rve. — Californicus 
Nutt.’ from as far north as Puget Sound, Washington, as 
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well as his new species from Santa Catalina Island, Cali- 
fornia, in his report to the British Association for the Ad- 
vancement of Science. published in 1864. 

‘The next taxonomic treatment is by DAtt (1871), who 
introduced the genus Nuétallina for the first time, but 
without description, citing “Nuttallina scabra (Rve.) Cpr:; 
the genus name taken from Carpenter's unpublished MS 
and the species name evidently referring to Chiton scaber 
Reeve. 1847. Later. in 1879, Dall provided an adequate 
description of Nuttallina based on Carpenter’s MS and 
designated “N. scabra Rve’ as the type species. Thus Nut- 
tallina Carpenter in Dall, 1879, has as its type species Chi- 
ton scaber Reeve, 1847 [— Chiton californicus Nuttall in 
Reeve, 1847], by original designation. This follows Car- 
penter’s treatment of the two Reeve species as conspecific 
and assumes the type species of Nuttallina to be the north- 
ern rather than the southern form. The treatment I gave 
to Nuttallina in the Treatise on Invertebrate Paleontology 
(SmitH, 1960:60) therefore is incorrect both as to the date 
of the genus name and its type species and should be cor- 
rected from “Nuttallina Dall, 1871 [*Chiton scaber Reeve, 
1847...’ to “Nuttallina Dall, 1879 [*Chiton scaber Reeve, 
1847, non C. scaber de Blainville, 1825 — C. californicus 
Nuttall in Reeve, 1847]... 

Dall’s synonymy of his new genus Nuttallina is confus- 
ing and incomprehensible. It was listed as follows: 


“Chiton scaber Reeve, Conch. Icon. Mon. Chiton, 
pl. xxii, f. 106, 1847. 
Chiton Californicus (Nutt. MS) according to Car- 
penter. 
Not Chiton Californicus (Nutt. MS) according 
to Reeve. 
Acanthopleura scabra Cpr. Suppl. Rep. Br. As- 
soc., 1863, p. 649°’ 


From this, one can only infer that Dall did not then recog- 
nize the occurrence of two separate West Coast species of 
Nuttallina. 

The next reviser is Pirspry in the Manual of Conchol- 
ogy (1893, (1), 14:277-281), who did recognize the exist- 
ence of two West Coast species of Nuttallina: N. cali- 
fornica (Nuttall in Reeve, 1847), with a range from “Van- 
couver Island south to Piedras Blancas, near San Simeon, 
San Luis Obispo Co., California” and N. scabra Reeve, 
1847, ranging from “Santa Barbara Islands and San Diego 
to between Scammon’s Lagoon and Pta. de Abreojos, 
Lower California.’ Pilsbry pointed out that there was still 
“a considerable stretch of coast from which we have no 
record, or at least no record in which the two forms are 
discriminated.’ Pilsbry states the type of the genus Nut- 
tallina is “N. scabra Cpr. = Ch. californicus (Nutt.) Rve?’ 
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This seems to infer that Carpenter's Acanthopleura scabra, 
indicated as being equivalent to Chiton californicus Reeve. 
is not the same species as Chiton scaber Reeve, thus leaving 
the latter name available for the southern species of Nut- 
tallina. Such an inference is not clear to me although it 
may be borne out by a study of Carpenter’s MS, which was 
available both to Dall and to Pilsbry. 

In 1898, describing Nuttallina thomasi n. sp. from 
Pacific Grove, California, a small, rare, low intertidal zone 
species, Pilsbry indicates (in a footnote) that Chiton scaber 
Reeve, 1847, was preoccupied by Chiton scaber Blainville, 
1825, which was established for a totally different species 
from the “Seas of New Holland;’ now assigned to the fam- 
ily Acanthochitonidae. Regardless of prior taxonomic ap- 
plications of the name Chiton scaber Reeve, this settles the 
question whether this name properly applies to the north- 
ern or the southern species of Nuttallina and clears the way 
for the correct use of Chiton californicus Nuttall in Reeve, 
1847, for the northern one and Acanthopleura fluxa Car- 
penter, 1864, for the southern one. 

So far as I know, the distributions of Nuttallina califor- 
nica and of N. fluxa along the West Coast have not been 
firmly established, especially the northern end of the range 
of the former and the southern end of the range of the 
latter species. However, RaymMonp (1894), who made a 
study of specimens he collected in northern and southern 
California, reported that the break point between the two 
occurred at Point Conception, Santa Barbara County, Cali- 
fornia. Although this has since not been verified it proba- 
bly is close to being the correct one. 

In working out the above synonymy for Nuttallina fluxa 
(Carpenter, 1864) I have cited only those references that 
apply definitely to the southern species. Color slides of the 
holotype are CASIZ Nos. 2238-2240 (AGS). 


Callistochiton periconis Dall, 1908 


Callistochiton periconis Dall, 1908:355-356. KEEN, 1958:522; 
THORPE (in KEEN, 1971):873 (syn. of C. pulchellus Gray, 
1828). 


Holotype: U.S.N.M. No. 110763. 


Type locality: ‘‘Perico Island, Panama Bay, collected on 
the reefs by the ‘Albatross’ party.’ 


Remarks: The holotype of Callistochiton periconis is an 
entire specimen, dry-preserved and fairly flat; it is 7.9 mm 
long. Although Dall differentiates it from C. pulchellus 
Gray, 1828, these differences seem to be well within the 
limits of sculptural variation occurring in this latter 
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species. This, and the fact that Panama is within the range 
of C. pulchellus, lead to the conclusion that the two are 
conspecific. Assignment of C. periconis as a synonym of 
C. pulchellus by THorPE (in KEEN, 1971), therefore seems 
to be correct taxonomic procedure. 

A color slide of the holotype of Callistochiton periconis 
is deposited as CASIZ No. 1927. 


CHAETOPLEURIDAE 


Lepidopleurus bullatus Carpenter, 1857 


Lepidopleurus bullatus Carpenter, 1857a:252, nomen nudum; 
1857b: 195-196. BRANN, 1966:45, fig. 254; KEEN, 1968:434, 
plt. 59, fig. 95; THorpe (in KEEN, 1971):877 (syn. of 
Chaetopleura lurida (Sowerby, 1832)). 

Chaetopleura bullata (Carpenter, 1857). Pitssry, 1892:31-32. 

Chaetopleura (Chaetopleura) bullata (Carpenter, 1857). KEEN, 
1958:524. 


Holotype: British Museum (Natural History), Tablet No. 
902 (Mazatlan Colln.). 


Type locality: “Mazatlan; off Spondylus calcifer, extremely 
rare; L’pool Col” 


Remarks: A photograph of the holotype of Lepidopleurus 
bullatus in the British Museum (N. H.), provided by Dr. 
Myra Keen, shows it to consist of the girdle with all except 
the tail and one intermediate valve in place, these two 
being loose. The specimen is a juvenile, Carpenter’s di- 
mensions being: “Long., 0.17; lat., 0.12; alt., 0.03” (con- 
verting to 4.3, 3.0, and 0.8 mm, respectively). Carpenter’s 
original description and his rather crude sketches repro- 
duced by Brann (1966), and Dr. Keen’s photograph (plus 
her accompanying sketch) point to the assignment of this 
species to the synonymy of Chaetopleura lurida (Sowerby, 
1832), which is a common Panamic Province species occur- 
ring from Guaymas, Sonora, Mexico, in the Gulf of Cali- 
fornia, to at least as far south as Peru. 

The above confirms the placement of Lepidopleurus 
bullatus in the synonymy of Chaetopleura lurida by 
TuorPE (in KEEN, 1971), which now seems to be the cor- 
rect assignment of the species. 


Lepidopleurus bullatus calciferus Carpenter, 1857 


Lepidopleurus bullatus calciferus Carpenter, 1857a:252, 
nomen nudum; 1857b:196. BRANN, 1966:45, fig. 245b; 
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KEEN, 1968:434, plt. 59, fig. 96; THorRPE (in KEEN, 1971): 
877 (syn. of Chaetopleura lurida (Sowerby, 1832)). 
Chaetopleura bullata calcifera (Carpenter, 1857). Pitspry, 
1892:32. 
Chaetopleura (Chaetopleura) bullata calcifera (Carpenter, 
1857). KEEN, 1958:524. 


Holotype: British Museum (Natural History), Tablet No. 
903 (Mazatlan Colln.). 


Type locality: ‘Mazatlan; | sp. off Spondylus; L’pool Col!’ 


Remarks: Based on a photograph provided by Dr. Keen, 
the holotype seems to be a very small specimen with all 
valves in place in the girdle. I can see no reason for assum- 
ing that it is other than a younger specimen of the nomi- 
nate species and, as such, should be assigned to the syn- 
onymy of Chaetopleura lurida (Sowerby, 1832), as indi- 
cated by THorPE (in KEEN, 1971). 


Callistochiton duncanus Dall, 1919 


Callistochiton duncanus Dall, 1919:512-513. THORPE (in 
KEEN, 1971):873. 


Holotype: U.S.N.M. No. 218772. 


Type locality: “Duncan Island, Galapagos, United States 
Fish Commission steamer Albatross.’ 


Remarks: The holotype now consists of 5 separated valves 
only (head, tail, and 3 intermediates); no portion of the 
girdle is preserved. However, in his original description, 
Dall mentions the ‘‘velvety girdle, densely covered with 
minute whitish spicules,’ which occur on all of the speci- 
mens I have studied, especially those preserved in alcohol. 
This is not the type of girdle decoration for the genus 
Callistochiton, which calls for: “Girdle poreless, densely 
clothed with minute striated or smooth scales.’ (PILsBRy, 
1893:260). 

I found this species common in the low intertidal zone 
off the loading dock at the Charles Darwin Research Labo- 
ratory on Isla Santa Cruz (Indefatigable Island) during 
the Galapagos International Scientific Project of 1964, and 
have seen specimens from 4 other Galapagos Islands in 
addition to the holotype from Duncan Island, the type 
locality. 

Callistochiton duncanus is a close counterpart of the 
Atlantic and Caribbean Calloplax janierensis (Gray, 1828) 
and consequently should be transferred from the family 
Callistoplacidae to the family Chaetopleuridae, with a con- 
sequent change in the name to Calloplax duncana (Dall, 
1919). 
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A color slide of the holotype of “Callistochiton” dunca- 
nus Dall, 1919, is on file as CASIZ No. 1349 (AGS); CASIZ 
No. 1394 shows a complete specimen from Barrington 
Island, Galapagos. 


Chiton jaspideus Gould, 1846 


Chiton jaspideus Gould, 1846:143; 1852:325, plt. 27, fig. 414a; 
1862:4. THORPE (in KEEN, 1971):877 (syn. of Chaeto- 
pleura lurida (Sowerby, 1832)); ABBoTT, 1974:401 (syn. of 
C. lurida). 

Onithochiton jaspideus (Gould, 1846). Gouin, 1862:242. 

Chiton [Onythochiton] jaspideus Gould, 1846. JoHNson, 
1964:95. 

Chaetopleura jaspidea (Gould, 1846). THIELE, 1893:380, plt. 
31, fig. 12 (dentition). 

Chaetopleura hennahi var. jaspidea (Gould, 1846). Pitssry, 
1894:70, plt. 10, figs. 29, 30. 


Holotype: U.S.N.M. No. 5805. 
Type locality: Callao, Peru (U. S. Exploring Expedition). 


Remarks: The holotype is entire but slightly curled. It is 
dark reddish with lighter-colored areas on some of the 
valves. It is without doubt a Chaetopleura, showing the 
characteristic, low, sparse pustules on the lateral areas of 
the intermediate valves and the fine, longitudinal riblets 
on the central areas. : 

There are 3 separate museum labels with the holotype 
in various handwritings, all of which refer Chiton jaspi- 
deus to C. hennahi (Gray, 1828), which was collected origi- 
nally at Callao, Peru, also. Neither the holotype nor the 
description and illustrations of it in the Manual of Conch- 
ology (Pitspry, 1894) develop any criteria for separating 
the two as different species. Consequently, Chiton jaspi- 
deus Gould, 1846, should be relegated to the synonymy of 
Chaetopleura hennahi (Gray, 1828). Whether the next 
taxonomic step of assigning C. hennahi to the synonymy 
of Chaetopleura lurida (Sowerby, 1832), following THORPE 
(in KEEN, 1971) and Assorr (1974), is sound procedure 
cannot, in my opinion, be taken authoritatively until speci- 
mens of C. hennahi can be collected at Callao, Peru, and 
compared with the type in the British Museum. In addi- 
tion, it would be desirable to make a comparison of the 
type specimens of both C. hennahi and C. jaspideus in 
order to confirm the fact that they are conspecific. 

Color slides of the holotype of Chiton jaspideus Gould, 
1846, are CASIZ Nos. 2199-2200 (AGS). 
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Nuttallina magdalena Dall, 1919 


Nuttallina magdalena Dall, 1919:502. SmitH, 1961:82, 86. 

Chaetopleura (Chaetopleura) magdalena Dall, 1919. KEEN, 
1958:524. 

Chaetopleura magdalena (Dall, 1919). Apsott, 1974:401. 


Syntypes: U.S.N.M. No. 217924. 


Type locality: “Magdalena Bay, Lower California, C. R. 
Orcutt.’ 


Remarks: The syntypes of Nuttallina magdalena represent 
a fairly comprehensive growth series of 8, somewhat curled 
specimens preserved dry with the animals removed. One 
subadult is partially disarticulated, valves 1, 1, and viii 
having been separated although valve i is missing. In his 
unpublished notes (1947) Berry states there were 9 speci- 
mens in the original lot although now there are 8. Dall 
gives the measurements of one of his syntypes as: 1., 26; w., 
12; h., 7 mm; the slit-formula is given 7 to 9- 1 - 7 although 
the loose tail valve has 9 slits, which may well be within the 


_jimits of individual variation for the species. I hereby desig- 


nate the largest specimen in the syntype series as the lecto- 


type as it shows the sculptural characters of the species 
| well; the remaining 7 syntypes would thus become para- 
_lectotypes. 


The San Diego Museum of Natural History has a series 
of 15 specimens identified as Chaetopleura magdalena col- 
lected in Magdalena Bay at Ship Rock by Herbert N. Lowe, 
December, 1931 (SDNH No. 23676). One disarticulated 
specimen from this series has a slit-formula of 8 - 1 - 8. 
These unquestionably are topotypes. 

For some time it has been obvious that Dall assigned 
his Nuttallina magdalena to the wrong genus. KEEN (1958) 
transferred the species to Chaetopleura on the advice of 
Berry, but unfortunately assigned it incorrectly to Chaeto- 
pleura s.s., on the tail valve of which the mucro is placed 
more or less in a median position. The terminally-placed 
mucros of all specimens in the syntype series of C. magda- 
lena place it in the subgenus Pallochiton Dall, 1879, whose 
type species is C. (P.) lanuginosa (Carpenter in Dall, 1879). 
This species was omitted from KEEN (1971). 

The above would indicate the occurrence of 2 sympat- 
ric species in the subgenus Pallochiton on the west side 
of the Baja California Peninsula—Chaetopleura (Pallo- 
chiton) lanuginosa and C. (P.) magdalena. The other West 
Coast Pallochiton is C. (P.) euryplax Berry, 1945, from the 
upper Gulf of California, based on a population that is 
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removed widely from the one on the Pacific side of the 
peninsula. This calls for a retraction of the statement made 
(SmitH, 1961:86) to the effect that “no true Pallochitons 
have been seen or reported from Magdalena Bay... <’ 

The questionable occurrence of 2 valid sympatric West 
Coast Pallochiton species on the Pacific Ocean side of Baja 
California had led to a detailed examination of available 
material, both dry-preserved and in alcohol by Dr. A. J. 
Ferreira based on his personal collection and in the col- 
lections of the California Academy of Sciences. Specimens 
examined were collected as far north as White’s Point, Los 
Angeles County, California, to as far south as Magdalena 
Bay. Lower California, and included Ensenada (Todos 
Santos Bay), San Quentin Bay, Scammon’s Lagoon, and 
Punta Abreojos. None was available from Cape San Lucas 
at the end of the Peninsula. Ferreira reports (in litt., 25 
July 1975): 


“cc 


. . that there is considerable variation in the 
degree to which the typical sculpture of beaded 
lines in the central and lateral areas appears. In 
some specimens the beads are relatively large, 
very well defined, bold, [and] full; in others the 
whole sculpture is much more subdued almost 
to the point of being absent on some parts of 
the shells.’ 


He concludes, given the evident variation in the strength 
of the sculpture both on the lateral areas, as well as in the 
longitudinal beaded lines on the central areas, that no 
valid basis exists for separating C. (P.) magdalena (Dall, 
1919) from C. (P.) lanuginosa (Carpenter in Dall, 1879), 
there being no other criteria that would warrant keeping 
the two separate. From this information, it appears desir- 
able to make a relatively wide allowance for the occur- 
rence of individual sculptural variation between popula- 
tions in this instance, and to treat C. magdalena as a syno- 
nym of C. lanuginosa. 

Color slides of the largest syntype of “Nuttallina’”’ mag- 
dalenaare CASIZ No. 3137 (AGS) and Nos. 3262-3268 (Fer- 
reira); those of a smaller syntype are Nos. 3138-3139 (AGS). 
A slide showing 3 specimens of C. magdalena from Mag- 
dalena Bay, collected by Lowe (SDNH No. 23676) is 
CASIZ No. 670 (AGS). Slides of C. lanwginosa collected 


at Punta Abreojos by A. G. Smith are CASIZ Nos. 664A- 
667A. 


Ischnochiton marmoratus Dall, 1919 


Ischnochiton marmoratus Dall, 1919:503. OLDRoyD, 1927: 
270-271; BurcHARDT & BurcHaRpT, 1969b:13 (syn. of 
Chaetopleura gemma Dall, 1879). ABport, 1974:401 (syn. 


of C. gemma). 

Ischnochiton (Ischnochiton) marmoratus Dall, 1919. Datu, 
1921:190; Smit, 1947b:18 (listed only). SmiTH «& Gor- 
pon, 1948:207. 


Holotype: U.S.N.M. No. 218735. 


Type locality: “Pacific Grove, Monterey Bay, California; 
Mrs. Blood”’ 


Remarks: Described from a single specimen, the holotype, 
which is preserved dry and fairly flat, with all valves in 
place in the girdle. Dall’s measurements are: |., 7; w., 4; 
andh., 1.5 mm; the slit-formula is given as 8 to 10- 1-8 to 9. 

In his unpublished notes, BERry (1947) identifies this 
specimen as a juvenile example of the fairly common Mon- 
terey Bay species Chaetopleura gemma Dall 1879. Exam- 
ination of the holotype confirms this. Even Dall’s descrip- 
tion of the sculptural characters contains wording that is 
completely applicable to C. gemma. In partial extenua- 
tion for assigning this chiton to the wrong genus as well 
as to the wrong species, it might be pointed out that Mon- 
terey Bay specimens of C. gemma, more often than not, 
are colored a bright orange-red with the tail valve black. 
The holotype of “Jschnochiton” marmoratus has more 
somber hues, being rather dark with valve centers light 
brown and the rest of the valve areas dark green, which is 
a color phase more frequently collected toward the north- 
ern end of the range of C. gemma. Ischnochiton marmo- 
ratus therefore drops into the synonymy of Chaetopleura 
(Chaetopleura) gemma Dall, 1879. 

A color slide of the holotype of Ischnochiton marmo- 
ratus is CASIZ No. 2205 (AGS). 


Tonicia mixta Dall, 1919:515-516. 

Chaetopleura mixta (Dall, 1919). THoRPE (in KEEN, 1971): 
879, fig. 42; Appott, 1974:401. 

Chaetopleura (Chaetopleura) mixta (Dall, 1919). KEEN, 1958: 
524, fig. 37 (2 specimens). 


Syntypes: U.S.N.M. No. 110345. 


Type locality: “Angeles Bay, Gulf of California, W. J. 
Fisher?’ 


Remarks: The syntype series consists of an entire specimen 
with all valves in place and another that has been disartic- 
ulated. The type label reads: “110345 / Tonicia mixta / 
Types / Dall / Aug. 1876 / Angeles B. / W. J. Fisher:’ 
The entire shell is herein designated as the lectotype and 
the disarticulated one as a paralectotype of Tonicia mixta. 
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KEEN (1958) changed the incorrect generic assignment 
from Tonicia (fam. Chitonidae) to Chaetopleura s.s. (fam. 
Chaetopleuridae). The nearest relative of Chaelopleura 
mixta is C. gemma Dall, 1879. another small to medium- 
sized species with a range farther to the north: it is not 
even close to Tonicia pustulifera Dall, 1919, as Dall in- 
dicates, the latter species being correctly assigned to the 
genus Tonicia as will be discussed later in remarks on this 
partcular species. 

Chaetopleura mixta has been collected sparingly at vari- 
ous localities in the upper Gulf of California. KEEN (1958) 
illustrated 2 specimens, one a so-called “paratype” in the 
S. S. Berry Collection, and the other from Cholla Cove, 
Sonora, Mexico. THORPE (in KEEN, 1971) illustrates a 
specimen from Tiburon Island in the Gulf of California 
in the collection of the Los Angeles County Museum of 
Natural History. None ot these illustrations shows the 
sculptural characters of the species with adequate clarity. 

Color slides of the syntype series are CASIZ Nos. 2178, 
2183, 2184 (Dea Beach). Slides of specimens from the 
vicinity of Guaymas, Sonora, are CASIZ No. 674-676 
(AGS). 


Ischnochiton parallelus Carpenter, 1864 


Ischnochiton parallelus Carpenter, 1864a:314, and reprint 
1872:213; 1864b:618, and reprint 1872:104; KEEN, 1958: 
524 (syn. of Chaetopleura (Chaetopleura) lurida (Sow- 
erby, 1832)); THorpe, (in KEEN, 1971):877 (syn. of C. 
lurida). 

Chaetopleura lurida var. parallela (Carpenter, 1864). Pitssry, 
1892:34, plt. 12, fig. 50; Keep, 1904:348 (as “‘livida?’ a typ. 
err.). 

Chaetopleura parallela (Carpenter, 1864). Dat, 1921:193; 
Otproyp, 1927:287-288; SaurH, 1947b:18 (listed only); 
1947¢:4; PALMER, 1945:100; 1958:267; Apsott, 1974:401 
(“Is lurida?’’). 


Syntypes: U.S.N.M. No. 4017; Redpath Museum, Mont- 
real, Canada, No. 46. 


Type locality: Cape San Lucas, Lower California. 


Remarks: The syntypes in the U. S. National Museum of 
Natural History consist of an entire specimen herein desig- 
nated as the lectotype and two additional separated valves 
(head and intermediate), which become paralectotypes, 
along with the specimen in the Redpath Museum. The 
museum label with the USNM specimens indicates them 
as “‘cotypes.’ The original description, republished in OLp- 
Roy (1927), points to a genus name change for this species 
from /schnochiton to Chaetopleura and for synonymizing 
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it under Chaetopleura (Chaetopleura) lurida (Sowerby, 
1832). This is confirmed by Dr. McLean’s photographs of 
the USNM “cotypes’’; it also confirms the correct assign- 
ment of the species by authors beginning with PirsBry 
(1892). 

Chaetopleura lurida is a common Panamic Province 
chiton that ranges from Punta Colorado, Guaymas, Sonora, 
Mexico, in the Gulf of California to at least as far south 
as Peru. Its range as far north as San Diego, California, as 
indicated by Dat (1921) and OLproyp (1927) has not 
been confirmed and is doubtful. 


Ischnochiton prasinatus Carpenter, 1864 


Ischnochiton prasinatus Carpenter, 1864a:315, and reprint 
1872:213; 1864b: 618, and reprint 1872:104. KEEN, 1958: 
524 (syn. of Chaetopleura (Chaetopleura) lurida (Sow- 
erby, 1832)); THORPE (im KEEN, 1971):877 (syn. of C. 
lurida). 

Chaetopleura lurida var. prasinata (Carpenter, 1864). PiLs- 
BRY, 1892:34; Keep, 1904:348. 

Chaetopleura prasinata (Carpenter, 1864). Dax, 1921:193; 
Oxproyp, 1927:287; Burcu, 1942:7; SmiTH, 1947b:18 
(listed only); 1947c:4-5; PALMER, 1958-267; AsBort, 1974: 
407 (“Is lurida?’”’). 


Holotype: U.S.N.M. No. 15892. 
Type locality: Cape San Lucas, Lower California. 


Remarks: The holotype has been disarticulated and the 
valves glued to an oval-shaped card in such a way as to 
overaccentuate the length of the valves in place in relation 
to their width, a situation shown in an excellent photo- 
graph provided by Dr. James McLean of the Los Angeles 
County Museum of Natural History some time ago. The 
pen-written museum label carries the designation ‘Type?’ 
and also has the phrase: “( — /wrida Sby. / C. San Lucas)’ 

CARPENTER (1864b) stated that this species was “‘possi- 
bly a form of parallelus” indicating he thought the two 
were closely related, which, in fact they undoubtedly are. 
Thus, the taxonomic situation with respect to Ischnochi- 
ton prasinatus is exactly the same as for J. parallelus, pre- 
ceding, and it should be shown as a synonym of Chaeto- 
pleura (Chaetopleura) lwrida (Sowerby, 1832). Perhaps it 
should be noted that the “vivid green” color, as described 
by Carpenter, evidently applies to an unusual color phase 
for the species and as such has no taxonomic significance 
in this instance. The colors on most specimens of Chaeto- 
pleura lurida generally trend toward a warm red-brown 
with occasional lighter markings. 
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MOPALIIDAE 


Callistochiton aepynotus Dall, 1919 


Callistochiton aepynotus Dall, 1919:511; 1921:194. OLpRoyD, 
1924:194; 1927:297; SmitH, 1947b:18 (listed only; La 
RocgvE, 1953:12; BURGHARDT & BURGHARDT, 1969:27 
(syn. of Mopalia cirrata Berry, 1919); ABBotr, 1974:399. 


Holotype: U.S.N.M. No. 255448. 


Type locality: “Puget Sound, in 37 fathoms rocky bottom, 
temperature 46°. U. S. Fish Commission.’ 


Remarks: The holotype, indicated as ‘““Type’’ on the mu- 
seum label, is a badly preserved specimen consisting of a 
portion of the girdle with valves i-iv in place, plus the 
broken tail valve. It seems to be the only representative 
of the species despite Dall’s phrase “one of the specimens.’ 
Examination of what is left of the holotype and comparison 
with specimens from the subtidal zone of Mopalia sinuata 
Carpenter, 1864, from the Pacific Northwest coast leaves 
no doubt that Callistochiton aepynotus should have been 
identified as the older-named Carpenter species. Assign- 
ment to the genus Callistochiton rather than to the genus 
Mopalia seems inexcusable in this instance. Placement of 
it as asynonym of Mopalia cirrata Berry, 1919, by the Burc- 
HARDTS (1969) may be incorrect although M. sinuata and 
M. cirrata are closely related. 

A color slide of the holotype of Callistochiton aepynotus 
Dall, 1919, is CASIZ No. 2544 (AGS). 


Mopalia celetoides Dall, 1919 


Mopalia celetoides Dall, 1919:514; 1921:196. OLpRoyp, 1927: 
313; LaRocqug, 1953:14; BuRcGHARDT & BURGHARDT, 
1969b:28 (syn. of M. imporcata Carpenter, 1864); ABBoTT, 
1974:403. 

Mopalia (Mopalia) celetoides Dall, 1919. SmitH, 1947b:19 
(listed only). 


Syntypes: U.S.N.M. No. 218771. 
Type locality: “Forrester Island, Alaska; G. Willett?’ 


Remarks: Both specimens in the syntype series are pre- 
served flat and are complete with all valves in place in the 
girdles. However, the girdles have lost their dendritic 
setae although in some places the stubs of broken-off setae 
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can be seen at the valve sutures. The type specimens have 
the following measurements (in mm): 


Specimen Length Width Height 
Larger 12 DD 2.5 
Smaller 7.6 oD -- 


The larger specimen is designated herein as the lectotype, 
with the smaller becoming the paralectotype. 

Based on a study of the types of Mopalia celetoides and 
comparison with available specimens of Mopalia impor- 
cata Carpenter, 1864, from various West Coast localities 
as well as with the holotype of the latter species from Puget 
Sound (USNM No. 4499) I can find no valid characters 
separating the two. The name M. celetoides, therefore, 
should be treated as a synonym of M. imporcata. This is 
to be expected since Berry (1917:241). reporting on the 
chitons collected by the late George Willett at Forrester 
Island, Alaska, notes that M. imporcata was “‘apparently 
the common Mopalia in all the shallower depths;’ Willett’s 
series consisting of a total of 29 specimens. 

Color slides of the lectotype of Mopalia celetoides Dall, 
1919, are CASIZ Nos. 2465-2467 (AGS), and of the para- 
lectotype, No. 2468 (AGS). 


Mopalia chloris Dall, 1919 


Mopalia chloris Dall, 1919:513; 1921:196. O_pRoyp, 1927: 
311-312; BURGHARDT & BURGHARDT, 1969b:28 (syn. of M. 
acuta (Carpenter, 1855)); Apsott, 1974:403. 

Mopalia (Mopalia) chloris Dall, 1919. SmitH, 1947b:19 (listed 
only). 


Holotype: U.S.N.M. No. 273686. 
Type locality: “San Diego, California; Mrs. N. Davie?’ 


Remarks: Mopalia chloris is based on a single specimen 
labeled “Type” on the museum label. It is a fairly well- 
preserved, entire specimen, which Dall did not attempt 
to disarticulate. The published type number (293686) is 
incorrect and should be No. 273686, as indicated above. 
The holotype measures: 1., 19; w., 11; h., 3 mm. 

Dall’s description and a study of the holotype specimen 
leave no doubt that Mopalia chloris merely is a re-descrip- 
tion of M. acuta (Carpenter, 1855) and should be placed 
in the synonymy of this latter species as anticipated by 
the BurcHarntTs (1969b). 

Color slides of the holotype of Mopalia chloris Dall, 
1919, are CASIZ Nos. 3305-3308. 
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Mopalia goniura Dall, 1919 


Mopalia goniura Dall, 1919:513-514; 1921:196. OLpRoyp, 
1924:198-199; 1927:312-313; LaRocgue, 153:15; Bure- 
HARDT & BURGHARDT, 1969b:31 (syn. of M. sinuata Car- 
penter, 1864); Apsotr, 1974:403 (syn. of M. sinuata). 

Mopalia (Mopalia) goniura Dall, 1919. SmiTH, 1947b:19 (listed 
only). 


Holotype: U.S.N.M. No. 208703. 


Type locality: ‘“Granite Cove, Port Althorp, Alaska, in 16 
fathoms, gravel, collected by W. H. Dall” 


Remarks: Again, Dall has based a new species on a single 
specimen, which is curled and poorly preserved, some of 
the valves being broken. One of the intermediate valves 
and the tail valve are separate. BERRY (1927) pointed out 
the possibility that Mopalia goniura might be the same 
as the rare M. egretta Berry, 1919, dredged by George 
Willett off Forrester Island, Alaska. However, this is a 
question that can be answered authoritatively only with 
the collection of additional specimens supplementing the 
few now available. Incidentally, should these two species 
prove to be conspecific, Berry's name has priority by 6 
months as his initial paper describing M. egretta is dated 
January 6, 1919, while Dall’s name carries a June 7, 1919 
date. 

Study of the holotype of Mopalia goniura, comparison 
with the holotype of M. sinwata Carpenter, 1864, and fur- 
ther comparison with other specimens of M. sinuata, leaves 
no alternative other than to assign it to the synonymy of 
the Carpenter species. Although this has been done already 
by the Burcuarpts (1969b) and by Assorr (1974) the 
validity of these earlier allocations now can be confirmed. 

Color slides of the holotype of Mopalia goniura Dall, 
1919, are CASIZ Nos. 2473-2475 (AGS). 


Ischnochiton (Trachydermon) gothicus 
Carpenter, 1864 


Ischnochiton (Trachydermon) gothicus Carpenter, 1864b:612, 
and reprint 1872:98, nomen nudum; 1866:212. Picspry, 
1892:74-75 (in sec. Trachydermon). 

Trachydermon gothicus (Carpenter, 1864). CARPENTER, 1864b: 
649, and reprint 1872:135. Cooper, 1867:22; Pitspry, 
1894:65, pit. 15, figs. 28, 29; Keep, 1904:348: Parmer, 
1945:100. 

Chaetopleura gothica (Carpenter, 1864). DALL, 1921:193 (in 
sect. Dendrochiton Berry, 1911); Ovproyp, 1927:290; 
Burcu, 1942:7. 

Mopalia (Dendrochiton) gothica (Carpenter, 1864). LELoup, 
1942:61; SmitH, 1947b:19 (listed only); Apsotr, 1974: 
403. 
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Dendrochiton gothicus (Carpenter, 1864). Berry, 1919b:2-5, 
figs. 3, 4; SMITH & Gorpon, 1948:206; PALMER, 1958:284, 
ple. 32, fig. 3; SmiTH, 1963:148; BURGHARDT & BURGHARDT, 
1969b:14, plt. 1, fig. 15 (in color); BuRGHARDT, 1971:65. 


Syntypes: Redpath Museum, Montreal, Canada, No. 13 
(5 specimens); U.S.N.M. No. 16271. 


Type locality: Santa Catalina Island, California. 


Remarks: Thanks to Berry’s (1919) detailed account and 
his definitive illustrations showing the distinguishing fea- 
tures of this tiny, low intertidal to subtidal zone species 
there now are no problems in its identification. PALMER 
(1958) covers the various generic, subgeneric and sectional 
assignments under which the species has been listed; this 
is reflected in the preceding synonymy. BErry (1911) in 
establishing the subgenus Dendrochiton in the genus Mo- 
palia, family Mopaliidae, to accommodate a companion 
species, Mopalia (Dendrochiton) thamnopora, discovered 
later (1919) that Carpenter’s Ischnochiton gothicus be- 
longed in the same group. This led him to raise Dendro- 
chiton to full generic rank where it still remains. 

The U.S. National Museum of Natural History syntype 
specimen (No. 16271) consists now of only 3 incomplete 
valves and a complete tail valve, all apparently from the 
same animal; no vestiges of the girdle remain. A color 
slide of these valves, which shows the representative dorsal 
sculptural characters reasonably well, is CASIZ No. 2472 
(AGS). According to PALMER there are 5 syntypes in the 
Redpath Museum Collection, one of which she illustrates 
(1958, plt. 32, fig. 3) showing a chiton with valves i, ii, 111, 
and iv in place. As this figured specimen probably repre- 


i sents a good example of the species, I hereby designate it 


as the lectotype of Dendrochiton gothicus (Carpenter, 
1864) and the remaining 4 specimens in the Redpath Mu- 
seum along with the loose valves in the U. S. National 
Museum of Natural History, as paralectotypes. 

Dendrochiton gothicus, so far as known at present, has 
a range extending from the Channel Islands off southern 
California, to as far south as Guadalupe Island, Mexico. 
It appears to be fairly common in a depth of 25 fathoms 
[45.7 m] off Redondo Beach, Los Angeles County, Cali- 
fornia where it was dredged by Tom and John Q. Burch 
(A. G. Smith Colln., No. 5997). 


Mopalia (Semimopalia) grisea Dall, 1919 


Mopalia (Semimopalia) grisea Dall, 1919:514-515. THIELE, 
1929:11; Smitu, 1960:62; BuRGHARDT, 1971:65. 


Holotype: U.S.N.M. No. 218734. 
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Type locality: “Between Cape Pillar and Cape Horn, 
Tierra del Fuego: Stokes.’ 


Remarks: The holotype is a complete specimen, preserved 
dry with foot and viscera removed. It measures: length, 20: 
width, 11; height, 3 mm. The dorsal surface is smooth 
even under low magnification, the background sculpture 
consisting of extremely fine, closely-spaced lines of growth. 
I would not describe this as “‘wholly microscopically decus- 
sate’ as Dall does. The pairs of ribs are smooth and stand 
out prominently. The articulamentum of valves ii, iii, iv, 
and y are single slitted according to Dall although the slits 
in valve v are difficult to see in the holotype specimen; 
valves vi, vii, and viii are unslit. Lack of slitting in the tail 
valve is the sole basis used in erecting a new subgenus, 
Semimopalia, for MM. grisea. While two of the intermediate 
valves are unslit in the holotype, this may not be a constant 
character and should be verified when additional speci- 
mens can be collected. 

Although Dall describes the girdle as ‘leathery,’ under 
low magnification it appears sandy, similar to the finest 
grade of sandpaper. Under high magnification the girdle 
covering consists of very closely-packed, short, round spin- 
ules with rounded tops. Girdle “hairs” are unbranched 
and probably havea fleshy appearance on the living animal. 

The smooth appearance of Mopalia grisea and espe- 
cially the lack of slits in the tail valve set it apart from any 
other species of Mopalia described from the West Coast 
of North America or from Japanese waters. The relatively 
smooth sculpture of Mopalia laevior Pilsbry, 1918, from 
Puget Sound and southeast Alaska is somewhat similar but 
otherwise these two species cannot be said to be closely 
related in other respects. The occurrence of a species of 
Mopalia at the tip of South America so far removed from 
other species in this genus is a zoogeographic phenomenon 
of more than passing interest. 

Color slides of the holotype of Mopalia grisea are CASIZ 
Nos. 3301-3304. 


Mopalia imporcata Carpenter, 1864 


Mopalia imporcata Carpenter, 1864b:603, and reprint 1872: 
89, nomen nudum. Pitssry, 1893:301-302, plt. 62, fig. 
98; 1896:49; 1918:126; Keep, 1904:350; Berry, 1917:232, 
241; WILLETT, 1919:28; Dax, 1921:196: OLpRoyp, 1924: 
197-198; 1927:308; Burcu, 1942:7; BuRcH & Burcu, 1943: 
5; SMITH & Gorpon, 1948:206; LaRocauE, 1953:15; PaL- 
MER, 1958:281, plt. 32, fig. 2; THorPE, 1962:205, 207, 210; 
BuRGHARDT & BURGHARDT, 1969b:28, plt. 3, fig. 45 (in 
color) (with syn. M. celetoides Dall, 1919); BurcHarot, 
1971:65; Apsotr, 1974:403; Licut’s Manual (8rd ed.), 
1975:465. 
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Mopalia imporcata Carpenter, 1864. CARPENTER, 1864b:648, 
and reprint 1872:134; Cooper, 1867:22. 

Placiphorella imporcata (Carpenter, 1564). Dati, 1879:306- 
307; WHITEAVES, 1887:125; Tay or, 1895:97-98; Parmer, 
1945:102. 

Osteochiton imporcatus (Carpenter, 1864). Dar, 1886:211. 

Mopalia (Mopalia) imporcata Carpenter, 1864. Smiru, 1947b: 
19 (listed only). 


Syntypes: U.S.N.M. No. 4499; Redpath Museum, Mont- 
real, Canada, No. 57. 


Type locality: Puget Sound, Washington. 


Remarks: Syntype No. 4499 in the collection of the Divi- 
sion of Mollusks, United States National Museum of Natu- 
ral History, consists of 2 specimens. One is complete with 
all valves in place in the girdle, although badly curled; it 
measures: length, 8.7; width, 6.4 mm. The color of the 
dorsal surface is a very light brown over-all. The girdle 
is poorly preserved, having lost its characteristic dendritic 
setae. The dorsal sculpture of 2 heavily-beaded ribs mark- 
ing off the lateral areas, and the slightly sinuate. longitudi- 
nal, subobsolete, beaded ribs on the central and jugal areas 
leave no doubt that the current concept of this species is 
correct. The second U.S. N. M. syntype is a whole animal 
from which all valves have been removed but which are 
either lost or mislaid as they now are no longer part of 
USNM No. 4499. According to PALMER (1958) the syn- 
type in the Redpath Museum consists of disarticulated 
valves, not all of them complete, 6 of which she illustrates. 

Because the larger syntype specimen in the U. S. Na- 
tional Museum of Natural History is complete and shows 
the dorsal valve sculptural characteristics of the species, 
it is designated herein as the lectotype, the other incom- 
plete specimen and the loose valves in the Redpath Mu- 
seum become paralectotypes. 

Color slides of the lectotype of Mopalia imporcata Car- 
penter, 1864, are on file in the CASIZ Color Slide Series, 
Nos. 2463-2464 (AGS). A synonym is M. celetoides Dall, 
1919. 


Mopalia kennerleyi Carpenter, 1864 


Mopalia kennerleyi Carpenter, 1864b:648, and reprint 1872: 
134; 1865:59. Cooper, 1867:21, 1870:58; DALL, 1879:298, 
305 (syn. of M. wosnessenskii (Middendorff, 1847)); Pits- 
BRY, 1893:304 (syn. of M. ciliata (Sowerby, 1840)); Burc- 
HARDT & BURGHARDT, 1969b:27 (syn. of M. ciliata); AsB- 
BOTT, 1974:402 (?syn. of M. muscosa (Gould, 1846)). 

Mopalia muscosa kennerleyi Carpenter, 1864. Dati, 1921:195; 
Oxproyp, 1924:197; 1927:306; LeLoup, 1942:50 (syn. of 
M. (Mopalia) muscosa ciliata (Sowerby, 1840) var. wos- 
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nessenskii); LAROCQUE, 1953:15; PALMER, 1958:282. 
Mopalia (Mopalia) muscosa kennerleyi Carpenter, 1864. 
SmiTH, 1947b:19 (listed only). 


Holotype: Location unknown; not in the U. S. National 
Museum of Natural History nor in the Redpath Museum, 
Montreal, Canada. 


Type locality: Puget Sound. Washington. 


Remarks: Carpenter's original inadequate description 
(1864) is: 


‘‘Mopalia Kennerleyi, n.s. = Gray, anted, p. 603. 
nom. preoc. Sculpture fainter, olive with red; 
ridge angular; post. valve waved.’ 


I interpret this to mean that the name Grayz, which Car- 
penter had applied originally, was found to be preoccu- 
pied, so he changed the name to Kennerleyi after the 
collector of the original specimens. A year later (1865) he 
amplified his description in Latin, which is translated and 
included in Ox_proyp (1927). He stated, in effect, that 
Kennerley had collected only one specimen of this species. 

Because the holotype of Mopalia kennerleyi has not 
been located, one can only guess what species of Mopalia 
Carpenter dealt with under this name. As shown in the 
above synonymy, it has been associated both with M. mus- 
cosa (Gould, 1846) and with M. ciliata (Sowerby, 1840), 
and also with M. wosnessenski (Middendorff, 1847) due 
to the early confusion between these species. [The latter 
name has been applied more recently toa form of M. ciliata 
and probably should be treated as a synonym of this spe- 
cies.] Carpenter's reference to “shell hke M. muscosa in 
form, character, and sculpture . . .” reads more like a de- 
scription of M. ciliata than of M. muscosa as now under- 
stood, which no doubt is the reason why Pirssry (1893) 
and authors following him have treated M. kennerley: as 
a synonym of Sowerby’s older species. CARPENTER (1864b) 
also associated the name “Swaniv’” as a variety of M. ken- 
nerley: for another chiton from Tatooche Island, Wash- 
ington, collected by James G. Swan, but this has since been 
established as a valid species, Mopalia swannii Carpenter, 
1864, by Berry (1951). 

In the U. S. National Museum of Natural History, Divi- 
sion of Mollusk Collection there are 3 lots of chitons with 
the label name “kennerleyi Cpr’: 


U.S.N.M. No. 16230. “Mopalia ciliata kenner- 
ley: Cpr.’ with “Neah Bay, W. T. J. G. Swan” 
printed on the museum label. This consists of 
2 dried specimens, one about 14 mm long, the 
other a disarticulated subadult. Both these chi- 
tons belong to the species Mopalia swannii as 
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defined and illustrated by Berry (1951: 219-220, 
plt. 26, fig. 15). 

U.S.N.M. No. 58673. “Mopalia ciliata kenner- 
leyi Cpr. California & Vancouver, PPC” is on 
one museum label, with an older one reading 
“Mopalia Kennerleyi Vancouver PPC” in a dif- 
ferent handwriting, possibly Carpenter’s. In this 
lot there is 1 subadult. curled specimen, about 
25 mm long, and 14 beach-worn valves. Although 
identification cannot be positive, at least M. cili- 
ata and M. swanii appear to be represented. 
U.S.N.M. No. 58675. “Mopalia ciliata kenner- 
leyi Cpr. Vancouver PPC” on the museum label. 
This consists of a single adult, curled chiton 
about 40 mm long and 8 beach-worn valves, the 
situation with respect to authoritative species 
identification being similar to the preceding lot 
from Vancouver Island, British Columbia. 


Although it seems reasonable to assume that Carpenter 
had all three of these lots before him for study, none of 
them can be proved to be types of any sort; otherwise 
this would, in all probability, have been so indicated by 
him on an original label. Consequently, there seems to 
be no better procedure, than to follow Pilsbry’s assign- 
ment of Mopalia kennerleyi Carpenter, 1864, as asynonym 
of M. ciliata (Sowerby, 1840) in the interest of taxonomic 
stability. 


?Chaetopleura lactica Dall, 1919 


?Chaetopleura lactia Dall, 1919:509-510. 

Chaetopleura lactica Dall, 1919. DALL, 1921:193; OLpRoyp, 
1927:288; SmiTH, 1947b:18 (listed only); 1947c:4; ABBOTT, 
1974:401. 


Syntypes: U.S.N.M. No. 172900. 
Type locality: ‘Catalina Harbor, California, W. H. Dall’ 


Remarks: The type lot consisted of 3 very small, curled 
specimens according to Berry’s unpublished notes (1947) 
although there are now only 2, a head valve from one of 
them being separate. The entire specimen is herein desig- 
nated as the lectotype, the other with the disarticulated 
head valve becomes a paralectotype. 

Dall’s description of this species and the measurements 
of one of them (1., 8; w., 4.5; and h., 2 mm) point to an 
identification as juveniles of Mopalia acuta (Carpenter, 
1855). This is confirmed by the existing type specimens. 
Evidently Dat thought his original assignment to the 
genus Chaetopleura may not have been the correct one 
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by inserting a ‘?” ahead of his published name although 
later (1921) he removed the **?”’ in listing it. 

I have no hesitance in treating ?Chaetopleura lactica 
Dall. 1919, as a synonym of Mopalia acuta (Carpenter, 
1855) in view of the above, as has been suspected for some 
time. Color slides of the type specimens are CASIZ Nos. 
3309. 3310. 


Mopalia lowe: Pilsbry, 1918 


Mopalia lowe: Pilsbry, 1918:125-126. Dat, 1921:196; Ovp- 
RoyYD, 1927:310; LeLoup, 1942:62 (listed only); THorPE, 
1962:204, 207, 210; BURGHARDT & BURGHARDT, 1969b:29- 
30, 43, plt. 3, fig. 53 and front cover (in color); BURGHARDT, 
1971:65; Assotr, 1974:403; Licut’s Manual (3rd ed.), 
1975:461-462, 466. 

Mopalia (Mopalia) lowei Pilsbry, 1918. Smit, 1947b:19 
(listed only). 


Holotype: Academy of Natural Sciences of Philadelphia, 
No. 117951. 


Paratype: San Diego Museum of Natural History, No. 
23552 (Lowe Colln., No. 1538). 


Type locality: “San Pedro, California, collected by Mr. 
Herbert N. Lowe’’ 


Remarks: The holotype of Mopalia lowei was borrowed 
from the Academy of Natural Sciences of Philadelphia 
for study through the courtesy of that institution and the 
cooperation of Dr. Robert Robertson and Mrs. Virginia 
Orr Maes. It is H. N. Lowe’s No. 1535; the label reads: 
“Mopalia lowe: Pils. = ciliata Sby:’ 

As now understood, Mopalia lowe: is a valid species, dis- 
tinguished particularly by its peculiar girdle decorations, 
which are unlike those on any other West Coast Mopalia. 
These are illustrated well in the color cover of BURGHARDT 
& BURGHARDT, 1969b, especially those making up the foot- 
fringe, although this specimen is one of the more highly- 
colored examples of the species. These set it apart from 
M. ciliata (Sowerby, 1840), which is a close relative and 
with which it has been confused until Pitssry separated 
it in 1918. 

Although originally collected at San Pedro, the present 
known range of Mopalia lowe: extends along the central 
California coast at least as far as Bodega Bay, Sonoma 
County. Specimens equivalent or close to it have been 
seen recently from Sitka, southeast Alaska (Slattery Colln., 
Chico, California). It is a somewhat sccretive, low inter- 
tidal to subtidal zone animal, often found nestling in rock 
crevices and frequently covered with detritus, which more 


often than not results in its being overlooked by chiton 
collectors. 

Color slides of the holotypes of Mopalia lowei Pilsbry, 
1918, are CASIZ Nos. 2674, 2675 (AGS). Color slides of 
other specimens are CASIZ Nos. 521-529 (AGS). 

In the collection of the U. S$. National Museum of Nat- 
ural History, there is a specimen of Mopalia from San 
Pedro, collected by H. N. Lowe. It is U.S.N.M. No. 192389 
labeled “Mopalia imporcata lowei Bartsch / Type.’ This 
was never described formally and therefore is a nomen 
nudum. It consists of a single specimen with valves i, ii, 
and 111 in the girdle in one piece, and valves vi, vii, and viii 
in another valve v and vi being separate according to pho- 
tographs supplied by Dr. James H. McLean. In describ- 
ing M. lowei it may be right to assume that Pilsbry used 
Bartsch’s original dedication of the species to Lowe, who 
collected the specimens. Although Pilsbry indicates more 
specimens were available in addition to the holotype and 
paratype, including younger ones, apparently he did not 
have access to U.S.N.M. No. 192389 as he did not men- 
tion it in discussing M. lowei. 


Mopalia pedroana Willett, 1932 


Mopalia pedroana Willett, 1932:101-102, plt. 7, fig. 1. LeLoup, 
1940:3, 35-37, figs. 64-65, 81-84; BURGHARDT & BURGHARDT, 
1969b:26 (syn. of M. acuta (Carpenter, 1855)) ; Apsotr, 
1974:403. 

Mopalia (Mopalia) pedroana Willett, 1932. LeLour, 1942:59; 
SMITH, 1947b:19 (listed only). 


Holotype: Los Angeles County Museum of Natural His- 
tory No. 1025. 


Paratype: Academy of Natural Sciences of Philadelphia, 
No. 156264. 


Type locality: Off San Pedro, California, in 15 fathoms, 
G. Willett, collector. 


Remarks: Willett’s description and excellent enlarged 
illustrations of the holotype of M. pedroana point to its 
identification as Mopalia acuta (Carpenter, 1855) as indi- 
cated by BURGHARDT & BuURGHARDT (1969b). The holotype 
measures: |., 14.6; w., 9.6; and h., 3.4 mm. Willett says 
he dredged 3 more specimens in 15 fathoms [27.4 m] off 
the South Coronado Island, Lower California. The single 
specimen reported by LELoup (1940) came from a depth 
of 50 m [27.3 fms.] in Monterey Bay, California. In my 
experience, dredged specimens tend to be much more 
highly colored than those found living in the intertidal 
zone. 
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Chaetopleura rosetta Bartsch 


Chaetopleura rosetta Bartsch MS. Berry, 1907. 


Remarks: This is one of Bartsch’s chiton names in manu- 
script that has found its way into the literature along with 
others that occur on museum labels only. It never has been 
published or validated and therefore is a nomen nudum. 
The specimen on which the published record is based pre- 
sumably is in the S. S. Berry Collection. Redlands, Cali- 
fornia. Berry (1917) identified it later as Dendrochiton 
thamnoporus Berry, 1911. 


Mopalia sinuata Carpenter, 1864 


?Mopalia sinuata Carpenter, 1864b:603, and reprint 1872:89, 
nomen nudum; ibid.:648, and reprint 1872:134; 1865:59. 
Cooper, 1867:22. 

Mopalia (Placiphorella) sinuata Carpenter, 1864. Da.t, 1879: 
303, 306. 

Placiphorella sinuata (Carpenter, 1864). Taytor, 1894:102; 
1895:97; PALMER, 1945:102. 

Osteochiton sinuatus (Carpenter, 1864). DAL, 1886:211. 

Mopalia sinuata Carpenter, 1864. Pitssry, 1893:303, plt. 62, 
figs. 95-97; Keep, 1904:349; Berry, 1917:232, 241; Wir- 
LETT, 1919:28; Dax, 1921:196; EvERpDAM, 1924:28; OLp- 
RoyD, 1924:198; 1927:309; BurcH « Burcu, 1943a:5; 
SMITH & GorpDON, 1948:206; LARocgugE, 1953:16; PALMER, 
1958:282-283, plt. 33, figs. 6-13; BURGHARDT & BURGHARDT, 
1969):31, 44, plt. 3, fig. 58 (in color) (with syn. M. goniura 
Dall, 1919); ibid.:reprint 1972:131; BuRcHARDT, 1971:63, 
fig'd. (p. 64). ABBoTT, 1974:403 (with syn. M. goniura). 

Mopalia cf. M. sinuata Carpenter, 1864. Berry, 1922:451-452 
and table 1, plt. 6, figs. 7, 8 (Pleistocene). 

Mopalia (Mopalia) sinuata Carpenter, 1864. LeLoup, 1942: 
52-53, text fig. 23; Smit, 1947b:19 (listed only). 


Holotype: U.S.N.M. No. 4473. 


Type locality: Puget Sound, Washington, and vicinity, col- 
lected by Dr. Caleb B. R. Kennerley, naturalist for the 
Northwest Boundary Commission. 


Remarks: The holotype is a complete specimen, preserved 
dry with all valves in place; it is slightly curled. The girdle 
has lost all of its original setal decorations, stubs of which 
can be seen at the valve sutures and in positions occupying 
an original outside row. Measurements are: 1., 10.2; w., 
6.0 mm. The color of the tegmentum is a very light cream. 
suffused with occasional brownish-orange areas, with a sug- 
gesiion also of light bluish-green. The single ribs border- 
ing the lateral areas of the intermediate valves are strong 
and well developed; the pitted character of the central 
areas also is well marked. 

Mopalia sinuata is a leautiful but rather rare species, 
the unusually long girdle setae being a special character. 
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It has been collected only in moderate depths, for example 
from 12-35 fathoms [22-64 m], Monterey Bay. California 
(SMITH s: GorDON, 1948). and from 15-20 fathoms [27.4- 
36.6 m] off Forrester Island, southeast Alaska (BERRY, 
1917). Synonyms include AI. aepynotus Dall, 1919, and M. 
goniura Dall, 1919, as already indicated herein under the 
discussion of these two taxons. 

Color slides of the holotype of Mopalia sinuata are de- 
posited as CASIZ Nos. 2459-2471 (AGS). 


Placiphorella borealis Pilsbry, 1893 


Placiphorella stimpsoni (Gould, 1859). DAL, 1886:210 (in 
part). 

Placiphorella borealis Pilsbry, 1893:309, figs. 14-17. BERRY, 
1917b:13-14, plt. 8, figs. 3-5; plt. 10; Dati, 1921:196; Oxp- 
ROYD, 1927:314-315; SmitH, 1947b:19 (listed only); Yako- 
LEVA, 1952:80, text fig. 35 (radula), plt. 5, figs. 5a-b; ibid., 
Engl. trans. 1965:73, text fig. 35 (radula), plt. 5, figs. 3a-b; 
pit. 11, fig. 1; Isao Tak, 1964:26; 1962:34; BURGHARDT, 
1971:65; ABBoTT, 1974:403, fig. 4739 (after Berry, 1917b). 


Holotype: U.S.N.M. No. 106922. 
Type locality: ‘‘Bering Island, Bering Sea (Grebnitski):’ 


Remarks: The holotype now consists of only 6 separate 
valves, 2 intermediate valves being missing. However, they 
show the configuration of the species and the sculptural 
characters well. BERRY (1917b) was able to amplify Pils- 
bry’s original description based on 7 specimens dredged 
in 228 fathoms [417 m] off Cape Rollin, Simushir Island, 
Kurile Group (USFC Sta. 4803), by the USS Albatross in 
1906, especially with respect to the girdle characters, which 
were unknown to Pilsbry as the girdle of the holotype was 
not available to him. YAKOLEva (1952, 1965) gives the geo- 
graphic range of Placiphorella borealis as: ‘‘North Pacific; 
Seas of Japan and Okhotsk and Bering Sea. Endemic to the 
Far Eastern subregion of the Pacific-Boreal region”’ 

Color slides of the holotype of Placiphorella borealis 
are CASIZ Nos. 2243, 2244 (AGS). 


Chiton (Molpalia) stimpsoni Gould, 1859 


Chiton (Molpalia) stimpsoni Gould, 1859:165; 1862:118-119. 
Jounson, 1964:153. 

\Mopalia stiinbsoni Gray. H. & A. ADAMS, 1854, 1:479. 

Placiphorella stimpsoni (Gould, 1859). Datr, 1886:210-211; 
Pitssry, 1893:307-309, plt. 62, figs. 84-87; BERRY, 1917b: 
12-13, plt. 8, figs. 1, 2; plt. 9; DALL, 1921:197; OLpRoyp, 
1927:316; THieve, 1929:11, fig. 4; Letoup, 1942:13-15, 
figs. 5A-C (girdle setae and spicules); SmitH, 1947b:19 
(listed only); YaKoLEvA, 1952:81, text fig. 36 (radula), 
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plt. 5, figs. 4a-b, frontis., fig. 1 (in color); ibid., Engl. 
transl. 1965:76, fig. 36 (radula), plt. 5, fig. 4; Isao TAKI, 
1938:350-355, plt. 14, figs. 13, 17 (in color); plt. 21, figs. 3, 
7-9; plt. 22, figs. 7-15; 1954:26, plt. 11, figs. 5, 6; 1962:34; 
BURGHARDT & BURGHARDT, 1969b:34; BuRGHARDT, 1971: 
65; Apzortt, 1974:404, fig. 4742 (after Berry, 1917b). 


Holotype: U.S.N.M. No. 1646. 


Type locality: “Hakodadi [Hakodate] Bay [Japan], 25 
fathoms, W. Stimpson:’ 


Remarks: The holotype of Placiphorella stimpsoni is a 
somewhat worn, adult specimen, preserved dry and slightly 
curled. Its length is about 21 mm. Because of wear, the 
valves do not show the sculptural characters of the species 
especially well. 

Taxi (1938) provides the best discussion of the species, 
accompanied by excellent enlarged illustrations of the 
valves, girdle setae and spicules, and radular teeth. He 
also provides a number of additional references from the 
Japanese literature in addition to those included in the 
above synonymy. YAKOLEVA (1965) gives the geographic 
range as: ‘“North Pacific; Sea of Japan and Bering Sea; 
along the Pacific coast of North America:’ BURGHARDT & 
BurcuHarpt (1969b) give the latter range as extending 
from Bering Island, Bering Sea, to Cedros Island, Baja 
California, Mexico. 

A color slide of the holotype of Placiphorella stimpsoni 
(Gould, 1859) is CASIZ No. 2246 (AGS). Slides of a better, 
rather highly-colored specimen from Chinhae, Korea, are 
CASIZ Nos. 2613-2615 (AGS). 


CHITONIDAE 


Nuttallina allantophora Dall, 1919 


Nuttallina allantophora Dall, 1919:502. KEEN, 1958:528; 
SmiTH, 1961:82; THorPE (in KEEN, 1971):908 (in genus 
Liolophura). 


Nuttallina sp. cf. allantophora Dall, 1919. STEINBECK & RICK- 
ETTS, 1941:553, plt. 26, fig. 6. 


Holotype: U.S.N.M. No. 110360a. 


Type locality: ‘Los Animas Bay, W. J. Fisher;’ Baja Cali- 
fornia. 


Remarks: The species is based on a single specimen col- 
lected August, 1876, by Fisher according to the type label. 
The holotype is an entire but somewhat curled, dried 
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specimen, dark colored except for a subtriangular lighter 
spot occupying about one-third of the center of the head 
valve. Much of the girdle decoration has been rubbed off 
but enough of the short, blunt spines remain to indicate 
that Dall’s generic assignment to Nuttallina Carpenter 
in Dall, 1879 (Callistoplacidae) is incorrect, confirming 
both Berry’s and Pilsbry’s suspicions (SmiTH, 1961) that 
Dall had placed it in the wrong genus. The tail valve has 
the unslit, shelf-like insertion plate characteristic of the 
genus Liolophora Pilsbry, 1893 (Chitonidae). The speci- 
men is close to if not conspecific with Liolophura japonica 
(Lischke, 1873). Thus, Nuttallina allantophora can be 
placed in the synonymy of the Lischke species from Japan 
with considerable confidence. 

The reference to Nuttallina allantophora in STEINBECK 
& RickEeTTs (1941) is in all probability based on specimens 
of Nuttallina crossota Berry, 1956, a taxon unknown to 
Ricketts at the time. The illustration (plt. 26, fig. 6) repre- 
sents a specimen of N. crossota so far as can be determined. 

There is little doubt that the locality label for Nuttal- 
lina allantophora has been changed in some manner as no 
chitons of the genus Liolophora or of its related genus 
Acanthopleura Guilding, 1830, have been collected on the 
West Coast of the Americas. Other chitons attributed to 
Fisher’s collecting activities in the Gulf of California in 
1876 (fide Dati, 1919) include Ischnochiton mariposa 
Dall, 1919, I. (Radsiella) aethalotus Dall, 1919, Acantho- 
chitona angelica Dall, 1919, and Tonicia mixta Dall, 1919, 
all but the first given different taxonomic assignments 
herein, as covered under each species name. 

Color slides of the holotype of Nuttallina allantophora 
are deposited in the CASIZ Color Slide Series, Nos. 1992, 
1993 (AGS). 


Tonicia pustulifera Dall, 1919 


Tonicia pustulifera Dall, 1919:516; 1921:195. OLpRoyp, 1927: 
299-300; SmiTH, 1947b:19 (listed only); BURGHARDT & 
BuRGHARDT, 1969b:38, 45, plt. 4, fig. 80 (holotype, in 
color); ABBoTT, 1974:406. 


Holotype: U.S.N.M. No. 218736. 
Type locality: “San Pedro, California.’ 


Remarks: The holotype is a badly preserved, small-sized 
Tonicia of a beige or cream color mottled principally along 
the valve side-slopes with dark greenish-brown. The color 
rendition of my 35 mm color slide of the holotype by 
BuRGHARDT & BURGHARDT (1969b) is fairly accurate but 
all sculptural detail, including the rows of black eye-spots, 
has been lost in reproduction. 
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If this unique specimen actually came from San Pedro. 
California. it is undoubtedly adventitious there as no 
Tonicias ever have been collected along the coast of south- 
ern California. Tonicia pustulifera seems not to be con- 
specific with the relatively common Panamic Province 
species. T. forbesii (Carpenter. 1857), being much more 
weakly sculptured. I suspect it is more likely to be closer 
to a species of Tonicia from Peru or Chile. A mistake in 
labeling or an unfortunate switching of labels seems prob- 
able in this instance. The museum label accompanying the 
holotype has the species name spelled “oculifera”’ rather 
than pustulifera, as published. 

Tonicia pustulifera Dall, 1919, must be considered a 
nomen inquirendum until other specimens like it can be 
collected and identified authoritatively. Color slides of the 
holotype are CASIZ Nos. 1985-1987 (AGS). 


Lophyrus striatosquamosus Carpenter, 1857 


Lophyrus striatosquamosus Carpenter, 1857a:252, nomen 
nudum; 1857b:192-193. BRANN, 1966:43, fig. 692; KEEN, 
1968:433, plt. 59, fig. 91; THoRPE (in Kren, 1971):864 
(syn. of Chiton articulatus Sowerby, 1832). 

Chiton striatosquamosus (Carpenter, 1857). Pirssry, 1893: 
168; KEEN, 1958:518. 


Holotype: British Museum (Natural History), Tablet No. 
897, Reigen Mazatlan Collection. 


Type locality: “Mazatlan; 1 sp. off Spondylus calcifer; 
L’pool Col.’ 


Remarks: The single specimen on which this species is 
based is a juvenile, as indicated by Carpenter’s dimen- 
sions: “Long. .17, lat. .12, alt. .04”, which convert to: 1., 
4.3; w., 3.0; and h., 0.9 mm. Carpenter refers to the “‘ser- 
rations of the margin in the only perfect specimen,’ which 
are shown in the sketch of the ventral side of the head valve 
published by Brann (1966). This, and the reference in his 
original description to a comparison with the young of 
Chiton albolineatus Broderip & Sowerby, 1829, and C. 
articulatus Sowerby, 1832, indicate that Lophyrus striato- 
squamosus belongs in the genus Chiton. It cannot be iden- 
tified as C. albolineatus as the striking black and white 
color pattern of this species is apparent even in very young 
specimens; it is not shown in the photograph of the holo- 
type supplied by Dr. Keen. Thus, its identity with another 
fairly common Mazatlan chiton, C. articulatus seems rea- 
sonable and its assignment by THorpe (1971) as a syno- 
nym of Sowerby’s species is probably correct. Following 
this taxonomic allocation results in eliminating another 
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West Coast chiton name that otherwise would have to be 
left in the limbo of a nomen inquirendum. 


ACANTHOCHITONIDAE 


Acanthochitona angelica Dall, 1919 


Acanthochitona angelica Dall, 1919:515. Keen, 1958:518; 
THoRPE (in KEEN, 1971):866 (?syn. of A. avicula (Car- 
penter, 1864)); Anportt, 1974:4-7 (?syn. of A. avicula). 


0 
Holotype: U.S.N.M. No. 11-346. 


n. 
Type locality: “Angeles Bay, Gulf of California, W. J. 
Fisher.’ 


Remarks: Study of the holotype of Acanthochitona angel- 
ica and comparison with specimens of A. avicula (Carpen- 
ter, 1864) collected both at San Diego, California, and in 
the Gulf of California leads to the conclusion that the two 
are conspecific. The sculptural differences upon which 
Dall relied for separating A. angelica appear to be well 
within the limits of individual variation exhibited by A. 
avicula. The color patterns of A. avicula are quite vari- 
able, so the scarlet color of the dorsal surface of A. angelica 
(now faded to an orange-red) is no more than a color phase 
that is not entitled to taxonomic recognition. I have seen 
at least one other bright red A. avicula from the Gulf of 
California. 

Acanthochitona avicula was omitted from the first edi- 
tion of KEEN’s Sea Shells of Tropical West America (1958) 
as this species was not then certainly known from the Gulf 
of California although it has been collected in the Gulf 
since. Specimens close to or conspecific with it have been 
collected sparingly in the Galapagos Islands, which could 
constitute a considerable southerly extension of its geo- 
graphic range. 

Color slides of the holotype of Acanthochitona angelica 
Dall, 1919, are CASIZ Nos. 2248-2250 (AGS). 
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INTRODUCTION 


RADULAR DENTITION of the three major toxoglossan fami- 
lies Terebridae, Turridae and Conidae shows a great 
range of variation. Details of tooth structure are best 
known in the Conidae for which data exist establishing 
correlations of radular tooth structure of some Conus 
with prey type (ENDEAN « Rupxin, 1965; NyBAKKEN, 
1970a; FREEMAN & Sitva, 1973), and indicating the pos- 
sible use of tooth structure in systematics and taxonomy 
(NyBakkeEN, 1970b). Similar studies on other toxoglos- 
san families could furnish further information of this 
nature and may contribute to an understanding of evo- 
lutionary relationships among Turridae, Terebridae and 
Conidae, since tooth structure, along with development 
of the venom apparatus, has been used as evidence of 
their affinities (RupMAN, 1969; Ponper, 1973). 

In the Conidae, only the marginal teeth remain in the 
radula (Ponper, 1973), each tooth consisting of a sheet 
of chitin rolled to form a hollow tube (PEILe, 1939; 
Koun, NyBakKEN & VAN Mot, 1972). This is the instru- 
ment for the introduction of venom into the prey (KLINE, 
1956; HinecarpNer, 1958; Koun, 1956, 1963). 

Radular form in the Turridae varies from the proto- 
typic, 2. €. possessing all tooth types, to a form possessing 
only marginal teeth as in the Conidae (Powett, 1964; 
Rupman, 1969), while one genus (Cenodagreutes) lacks 
a radula (Smiru, 1967b). In those turrid species with 
only marginal teeth, two structural types are found. One 
type is a rolled hollow structure similar to that of the 
Conidae (Powext, 1964; RupMan, 1969), while the 
other type does not form a tube but is deeply grooved 
(PowELL, op. cit., Smiru, 1967a). 

Many terebrid species possess no radula, but there are 
several species with a radula consisting of marginal teeth 
only (RupMAN, 1969; Mixer, 1970, 1971). In the lat- 


ter species, the radular teeth are similar to those of the 
Conidae in consisting of a rolled sheet of chitin (RisBEc, 
1953; Marcus & Marcus, 1960; RupMAN, op. cit.; 
MILLER, opera cit.). 

Traditionally, elucidation of radular tooth structure has 
relied on line drawings from light microscope observa- 
tions (e.g., TrRoscHEL, 1866; Tryon, 1885; Bercu, 
1896; Pere, 1939; Marcus « Marcus, 1960; SmirH, 
1967a; SoncpAHL, 1973). Because the teeth are trans- 
parent and often complex, the surface relief of teeth is 
difficult to discern using transmitted light. The scanning 
electron microscope (hereafter SEM) has been used in 
studies of various mollusc radulae (e. g., SoLem, 1972, 
1975; FERREIRA & BertscuH, 1975; Marpinty « Mar- 
DINLY, 1975). The advantages of such SEM studies were 
outlined by Sotem (1972). Although the SEM has clearly 
elucidated surface features of some cone radular teeth 
(Koun, NyBaKKEN & VAN Mot, 1972; FREEMAN & 
Sitva, 1973) scanning techniques have not yet been ap- 
plied to the teeth of toxoglossan genera other than Conus. 

This study reports on the structure of the radular teeth 
of Terebra subulata (Linnaeus, 1767), T. guttata (Roding, 
1798) and T. succinea Hinds, 1844 as elucidated by optical 
microscopy and SEM. 


MATERIALS anp METHODS 


TERMINOLOGY 


Following recent toxinological conventions (RUSSELL 
& Bronte, 1974), I have referred to the venom apparatus 
as the whole structure involved in production and intro- 
duction of venom, whereas previous authors (e. g., Rup- 
MAN, 1969; Mitier, 1970, 1971; Ponper, 1973) have 
referred to the toxin producing structure as the poison 
gland. 
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Terminology relevant to the structure containing the 
radular teeth has not been consistently applied to differ- 
ent taxa within the Toxoglossa. HINEGARDNER (1958) re- 
ferred to the whole structure in Conus as the radular 
sheath. This consisted of 3 parts: the long arm, the short 
arm, and the ligament sac. ENDEAN & DUCHEMIN (1967) 
referred also to these 3 parts but termed the entire struc- 
ture to the radular sac. In the turrids, SmrrH (1967a) re- 
ferred to a radular sac and a radular caecum, the latter 
being situated near the junction of the radular sac with 
the buccal sac. MiLLer (1970) followed this convention 
for the Terebridae and I have retained that convention 
for this discussion, but for brevity, have referred to the 
whole structure (7. e., radular sac plus radular caecum) 
as the radular sheath. 


PROCEDURES 


Specimens of Terebra subulata, T. guttata and T. suc- 
cinea were collected on the Great Barrier Reef from reefs 
between 23°50’S and 15°45’S. Data were collected from 
8 male and 4 female T: subulata, 4 male and 2 female T. 
guttata and 1 male T- succinea. The animals were main- 
tained unfed in aquaria for up to 3 weeks before use. The 
shells were measured, cracked in a vise and the animals 
removed. : 

The tips of the shells are often eroded by boring algae 
and are commonly broken. To estimate the maximum 
linear dimension of the unbroken shell, the shell was 
pressed horizontally into a flattened block of plasticine to 
about half way up the side of the shell (Figure 1a). The 
shell was removed and the angle and direction of each 
side of the impression projected beyond the broken tip. 
The length from the intersection of these lines to the base 
of the shell I have termed the projected length (Figure 
1b). To test this method, intact shells were measured, the 
tips broken and the projected length determined. Two 
specimens of Terebra subulata and 1 T. guttata were 
tested in this way as these were the only individuals re- 
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ceived with intact shells. In the 2 T. subulata, the pro- 
jected length overestimated real length by 0.3cm in each 
case, while in T. guttata the overestimation was 0.5 cm. 
Since the average discrepancy between broken length and 
projected length in 24 specimens of T: subulata was 0.9 


Figure 1a 


! 
Ke ae ear Projected Shell Length 


Figure 1b 
Figure 1a 
Side view of shell as used to form a plasticine impression 
Figure 1b 


Plan of the plasticine impression after removal of the shell 
showing projection of sides to give projected shell length 


cm + 0.07 (standard error) and 1.4cm 0.36 in 6 T. 
guttata, I think projected length gives a reasonable esti- 
mation of real shell length for my purposes, although 
tests using such small sample sizes cannot be expected to 
give an accurate estimation of the error involved. 

For routine light microscope and SEM preparations, 
the animal was dissected under sea water, the venom ap- 
paratus removed and fixed for times ranging from 18 to 


Explanation of Figures 2 to 8 


Terebra subulata radular tooth 


Figure 2: Whole tooth. Phase Contrast 

Figure 3: Whole tooth. SEM 

Figure 4: Tip of tooth showing slight swelling. Phase Contrast. 
Figure 5: Tip showing opening of central canal. SEM 


The measured bars in Figures 2, 3, 4, 6, 8 represent 100 ym 
in Figure 5 - 10m and in Figure 7 - 40pm 


Figure 6: Base of tooth showing concavity to one side and basal 
rim. Phase Contrast 

Figure 7: Base showing basal swelling and concavity to one side. 
SEM 

Figure 8: Base showing hook. Phase Contrast 
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Figure 4 


Figure 7 
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24 hours in either Susa’s fixative or Baker’s formol calci- 
um prepared according to CuLiinc (1963). Specimens 
fixed in Susa were transferred to 95% alcohol and those 
fixed in formol calcium were washed overnight in run- 
ning water before being brought to 70% alcohol. Speci- 
mens were stored in 70% alcohol until needed. The radu- 
Jar sheath was subsequently removed from the venom 
apparatus and the teeth prepared by a number of meth- 
ods. 


1. Following Konn, NypakKEN & vAN Mot (1972), 
teeth were dissected from the radular sheath, rinsed in 
1% sodium hypochlorite followed by 2 changes in dis- 
ulled water. 


2. Using FREEMAN & Sitva’s (1973) method, teeth 
were dissected out, rinsed in 0.9% saline and soaked 
overnight in distilled water. 


3. The radular sheath was placed in concentrated 
NaOH (10g NaOH in 10 ml distilled water) as used by 
SoncpaHL (1973) until the teeth were freed from other 
tissue (7. e., 24-30 hours for Terebra subulata). The 
teeth were removed to distilled water. 


4. The sheath was placed in 1% sodium hypochlorite 
and observed until the teeth were freed of surrounding 
tissue. The time taken varied with the species, being ap- 
proximately 4 - 14 hours for T: swbulata, 1 - 24 hours for 
T. guttata, and 4-2 hours for T. succinea. Teeth were 
rinsed in 2 changes of distilled water. 


Following the method devised by D. C. McColm (per- 
sonal communication) for mounting Conus teeth for light 
microscopy, the teeth were transferred from distilled wa- 
ter and mounted in Womersley’s Mounting Medium. The 
length and width of the tecth were measured using an 
eyepiece micrometer. I considered length as the maxi- 
mum distance in a straight line from tip to base and made 
no allowance for curvature of the tooth. I considered 
width as the maximum width at the basal rim. 

For electron microscopy, teeth were dehydrated by 
transfer through a graded series of ethyl alcohols to ab- 
solute alcohol. One of 2 methods was then followed. 


1. ‘Teeth were affixed to a licm diameter cover- 
slip by an adhesive removed from adhesive tape with 
chloroform and painted onto the coverslip as suggested 
by the Electron Microscope Unit of the University of 
Queensland. 


2. Teeth were transferred through amyl acetate and 
dried onto the coverslip in a critical point drier. This 


technique was carried out by the Electron Microscope 
Unit of the University of Queensland. 


Following either of these treatments, teeth were coated 
under vacuum with aluminum and examined and photo- 
graphed with either a Cambridge Stereoscan 2A (Tereb- 
ra subulata and T. guttata) or a Cambridge Stereoscan 
600 (T: succinea). 

In one specimen each of Terebra subulata and T.: gut- 
tata, the radular sheath was dissected unfixed and dyed 
with 0.001% aqueous methylene blue, and another T. 
subulataradular sheath was dissected and dyed with 0.5% 
aqueous acid fuchsin, to try to detect a ligament from 
the tooth base to the sheath wall. The latter dye was one 
used by FREEMAN & SiLva (1973), who reported that the 
ligaments of 2 Conus species colored feebly with the dye 
but that the teeth colored strongly. 


RESULTS 


GENERAL OBSERVATIONS 


In all 3 species, the teeth are secreted in 2 rows with 

the bases of the teeth lying along the posterior margin 
of the radular sheath. Early stages in tooth development 
were commonly found in the radular sac while only ma- 
ture teeth were obtained from the radular caecum. Two 
specimens of Terebra subulata were found with no teeth 
in the radular sac, but this was probably a dissection 
artifact. 
Marcus « Marcus (1960) reported a ligament attach- 
ing the base of the tooth to the wall of the radular sheath 
in the terebrid Hastula cinerea (Born, 1780) and similar 
structures are known in Conidae (BEeRcH, 1896; HiINnE- 
GARDNER, 1958; ENDEAN & DucHEMIN, 1967; Sonc- 
DAHL, 1973). Such a ligament was not visible in dissec- 
tion of the radular sheath of Terebra subulata or T. gut- 
tata and was not detected by staining with either methy- 
lene blue or acid fuchsin. Paraffin sections of the whole 
radular sheath of all 3 species have revealed some con- 
nective tissue elements around the teeth (unpublished da- 
ta), but no discrete ligament to each tooth has been 
detected. 


TOOTH SIZE AND NUMBER 


Methods 2 and 4 (see ‘Materials and Methods’) were 
used for light microscope preparations from which tooth 
measurements were made. Method 4 without subsequent 
critical point drying was used for the material presented 
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Table 1 
Tooth length Tooth width 
Shell Total no. Range Mean (mm) No. Tooth length Range Mean (mm) No. 
Species Length of teeth (mm) + S.E. measured Shell length (mm) + S.E. measured 
(cm) 
Terebra 6.5 16 0.52 —0.56 0.55+0.012 14 1:118 0.06—0.08 0.070.005 14 
subulata 12.0 24 0.77—0.88 0.80+ 0.005 19 1:150 0.10—0.12 0.11£0.007 19 
12.2 19 0.62 —0.66 0.65+ 0.003 16 1:188 0.08—0.11 0.100.003 18 
12.6 19 0.71—0.74 0.740.004 17 1:170 0.07 —0.11 0.100.003 17 
12.7 20 0.80—0.84 0.83+ 0.003 18 1:153 0.10—0.11 0.10+0.001 19 
13.9 20 0.64—0.78 0.75+0.013 10 1:185 0.08—0.12 0.100.002 10 
13.9 20 0.66—0.71 0.69+ 0.004 16 1:202 0.08—0.11 0.09+ 0.003 19 
16.1 30 0.70—0.77 0.75+ 0.003 27 1:215 0.10—0.13 0.110.002 26 
Terebra 11.2 21 1.63—1.70 1.67+0.006 14 1:67 0.15—0.19 0.17+0.012 16 
guttata 13.1 22 1.22—1.30 1.26+0.012 8 1:104 0.11—0.19 0.15+0.008 8 
15.1 21 1.26—1.31 1.29+0.006 10 1:117 0.17—0.20 0.19+ 0.002 10 
16.1 21 1.44—1.65 1.56£0.016 15 1:103 0.19 —0.25 0.22+ 0.006 15 
17.1 20 1.30—1.48 1.41+0.021 11 1:121 0.15—0.22 0.19+0.005 14 
19.0 23 1.96 —2.07 2.03+0.008 20 1:94 0.22—0.33 0.31£0.001 20 
Terebra 9.6 11 — 0.28 1 1:343 _ 0.07 1 


succinea 


in the electron micrographs. Details of the number of 
teeth and their dimensions are presented in Table 1. 
Owing to the small size and delicate nature of the teeth, 
inevitably some were damaged in preparation so that 
not every tooth furnished a measure of each dimension. 


TOOTH STRUCTURE 


In all 3 species each tooth consists of a sheet of chitin 
rolled to form a hollow, slightly curved tube that tapers 
to a point. The so-called “bridges” (Marcus « Marcus, 
1960: 39) observed in Hastula cinerea were not observed 
in any of the teeth examined. Details of tooth structure of 
each species will be described separately. 


Terebra subulata 


The tooth of this species is simple in having no blades, 
barbs or serrations. There is a slight swelling near the tip 
(Figure 4) in some preparations, but it is likely that this 
is an artifact of unrolling of the chitin sheet during prep- 
aration. The opening of the central tube is slightly prox- 
imal to the pointed tip of the tooth (Figure 5). The shaft 
is simple and smooth (Figures 2 and 3) with a slight 
swelling towards the base (Figures 3 and 7). Immedi- 
ately basal to this swelling the shaft is twisted and concave 
on one side (Figures 6 and 7). This concavity appears in 
teeth prepared using all methods and I therefore believe 
it to be real rather than artifact. Basally, the tooth ter- 


Explanation of Figures 9 to 15 


Terebra guttata radular tooth 


Figure 9: Whole tooth. Optical microscope 
Figure 170: Whole tooth (shows unrolling of chitin sheet). SEM 


Figure 71: Upper half of tooth showing tip with barb and sloping 


blade with barb. Phase Contrast 


Figure 15: Base showing distinct opening on 


and hook. SEM 


Figure 12: As for Figure /7, but using SEM (shows unrolling of 
chitin sheet) 
Tip showing opening and barb. SEM 


Base of tooth showing rim and hook. Phase Contrast 


Figure 13: 
Figure 14: 


one side, basal rim 


The measured bars in Figures 11, 12, 14, 15 represent 100 hm 


in Figures 9 - 500pm; 10 


- 200pm; and 13 - 


10 pm 
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Figure 13 


Figure 14 Figure 15 
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minates in a definite rim (Figures 2, 6 and 8) which is 
possibly the “flange” of Marcts & Marcus (1960: 39). 
The outer corner of the chitin roll terminates in a small, 
forwardly directed hook (Figure 8). 


Terebra guttata 


The teeth of Terebra guttata are more complex and 
generally larger than those of T: subulata. The pointed 
tip with slightly proximal opening bears a backwardly 
projecting barb (Figures 77, 72 and 13). At about 90° 
to this barb, a sloping blade extends from the tip to about 
halfway down the shaft and terminates in a basally direc- 
ted barb (Figures 9, /0, 1] and 1/2). The base of the 
tooth is more solid than that of T: swbulata. Instead of an 
extensive concavity, 7: guttata has a well-defined opening 
extending around one side of the basal part of the shaft 
(Figures 10 and 15). As in T. subulata, the base termi- 
nates in a distinct rim with the outer corner of the chitin 
roll terminating in a small hook (Figures /4 and /5). 


Terebra succinea 


Although only one specimen was examined, I think it 
worthwhile including the findings since this species is 
relatively uncommon. The tooth is similar to that of Te- 
rebra subulata in having a simple, smooth shaft and no 
blades, barbs or serrations (Figures 16 and 1/7). The open- 
ing of the central tube is slightly proximal to the tip 
(Figure 19). The base is concave on one side (Figure 22), 
thus more closely resembling T: subulata than T. guttata, 
and widens more markedly than in either of the other 
species beginning from about halfway down the shaft 
(Figures 16, 17, 20 and 21). The base projects further on 
one side than the other (Figures /6, /7 and 2/) but this 
may be an artifact caused by squashing during prepara- 
tion. As with T: swbulata and T: guttata, the tooth termi- 
nates basally in a rim that seems to be more distinct on 
the concave side (Figure 22) and as in the other species, 
the outer corner of the chitin roll forms a small hook 
(Figure 22). 


DISCUSSION 


ASSESSMENT OF METHODS 


For examination of radular teeth, all procedures may 
equally well be performed using fixed and unfixed materi- 
al. The effectiveness of the fixation methods used is there- 
fore irrelevant to this discussion. Tooth preparation is 
critical and should involve as little handling of the teeth 


as possible. For this reason, techniques involving dissec- 
tion of the radular sheath to obtain teeth were least 
satisfactory since many teeth were broken or damaged 
in the process. Methods involving chemicals to dissolve 
the radular sheath were the most successful. Saturated 
NaOH as used by Soncpant (1973) was effective but 
tume-consuming whereas 1% sodium hypochlorite was 
rapid but required careful observation as it is possible to 
dissolve the teeth. However, at a 1% concentration, this 
danger is minimal and I have preferred the latter meth- 
od because of its speed. FREEMAN & Sitva’s (1973) 
method of rinsing teeth in saline did not clean tissue 
from the inside of the teeth sufficiently for clear light 
microscope observation although the authors obtained 
excellent SEM results with it. Sodium hypochlorite 
cleaned the teeth effectively for all types of study. 

In dehydrating the teeth through an alcohol series, 
small steps are preferable to larger ones which cause the 
teeth to spin excessively with the result that the chitin 
sheet can unroll. Critical point drying alleviated this 
problem but as teeth are not affixed to the specimen stub, 
loss of material may occur when the preparation is placed 
in a vacuum. Method 4 without critical point drying was 
therefore preferred for SEM studies. 


TOOTH SIZE 


Since the number of specimens and range of sizes ex- 
amined were small, it is impossible to relate conclusively 
tooth growth with shell growth. In Terebra subulata and 
T. guttata however, the data suggest that in the smallest 
specimens, tooth length is proportionately greater with 
respect to shell length than in larger specimens. This may 
suggest that in later stages of growth, the rate of increase 
in shell length exceeds the rate of tooth growth, but more 
data are necessary to establish these relationships. 

The ratios of tooth length:shell length presented in 
Table 1 for 3 terebrids indicate that tooth length is pro- 
portionately smaller with respect to shell length in this 
family than in the Conidae. For instance the ratio ranges 
from 1:6 to 1:13 in piscivorous Conus, 1:8 to 1:41 in 
molluscivorous species and 1:25 to 1:62 in vermivorous 
species (KouHn, 1963). The enormous difference in this 
ratio between the families is obviously related to the vast 
difference in shell proportions and not indicative of any 
differences in actual tooth size. For example, Terebra gut- 
tata teeth (1.22 -2.03mm) do approach the size of the 
teeth of Conus spurius atlanticus Clench, 1942 (2.1 - 3.0 
mm) studied by SoncpaAHL (1973) and C. achatinus 
Gmelin, 1791 (3-4mm) studied by FREEMAN & SILVA 
(1973). The ratio tooth length:shell length, although 
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possibly useful for comparisons within either family, is not 
meaningful for comparisons between them. 


TOOTH STRUCTURE 


In gastropods other than the Toxoglossa, information on 
radular tooth structure has been useful in many areas. It 
has been used for taxonomic purposes (BANDEL, 1974; 
SoLEM, 1975), to indicate phylogenetic relationships 
(BANDEL, op. cit.; SOLEM & VAN GoETHAM, 1974) and 
as an indicator of diet (SoteM, 1974). There is evidence 
that radular structure may be used similarly in the Toxo- 
glossa. 

In Conidae, NyBAKKEN (1970b) used radular anato- 
my to separate Conus perplexus Sowerby, 1857 and C. 
ximenes Gray, 1839, which have almost identical shell 
pattern and color but strikingly different radular teeth. 
Obviously the 3 terebrid species examined in this study 
can be distinguished by tooth structure but are equally 
well separated by shell characteristics. Tooth structure 
may be more useful to separate smaller species with less 
distinctive shell characters. 

Powe Lt (1964), RupMaNn (1969) and PonpeEr (1973) 
have used radular structure (with development of the 
venom apparatus) to assist in establishing evolutionary 
relationships among the Turridae, Terebridae and Coni- 
dae. Gottkov « STaRoBocaTov (1975) believed the evo- 
lutionary tendency in the Toxoglossa to be in the direction 
of reduction of the radula, and considered the Conidae 
and Terebridae to be more advanced than the Turridae, 
although they separated the Terebridae into a different 
superfamily from the other 2 without sufficient explana- 
tion. RupMAN (op. cit.), following the suggestion of 
PowELL (op. cit.) that Terebridae and Conidae were off 
shoots of turrid stock, suggested that the Terebridae and 
Conidae arose independently from turrids with harpoon- 
like teeth. The data presented here, in conjunction with 
other information, seem to support this hypothesis. For 
example, the teeth of Terebra subulata and T. succinea 


THE VELIGER 


Vol. 19; No. 3 


resemble those of the turrid genus Phenatoma figured by 
PowELt (op. cit.: 230; plt. 177, fig. f) and PonDER (op. 
cit.: 311; fig 2), as do the teeth of Conus ebraeus Lin- 
naeus, 1758 and C. chaldeus Réding, 1798 as described by 
Petre (1939: 352-353; fig. 16). The teeth of the Conidae 
have specialized to a high level of complexity. Although 
T. guttata has a slightly more complex tooth than those 
known in other terebrid species, no terebrid yet studied 
has developed teeth of the same size and complexity as 
those of the piscivorous cones, nor developed a venom of 
comparable toxicity. In fact, most terebrid species studied 
have lost the radula and venom apparatus (Mutter, 1970, 
1971). Some terebrid teeth figured by TroscHEL (1866: 
pit. 2, figs. 12a and 13) closely resemble some simple 
turrid teeth illustrated by Powe xt (op. cit.: plt. 177, figs. 
g and h). None of the Conidae is known to have teeth as 
simple as these. This may suggest that the Terebridae 
developed earlier than the Conidae, but more evidence 
is needed to clarify these relationships. 

All Conidae are carnivorous and there is evidence that 
tooth structure may be an indicator of prey type (Ny- 
BAKKEN, 1970a; ENDEAN & RupkINn, 1965). Although 
the Terebridae have not been so extensively studied as the 
Conidae, most species examined have been found to be 
carnivorous (Miter, 1970, 1971). Mier (1971) di- 
vided the Terebridae into 5 different feeding types with 
morphological and life history similarities. Terebra sub- 
ulata and T. guttata belonged to the same type, 2. e., Type 
IIB (Mriier, 1970), and although T: succinea has not 
previously been studied, its characteristics indicate that it 
is also a Type IIB species. On the basis of work with T. 
textilis Hinds, 1844 (a Type IIB species) which was found 
to feed on a small tube-dwelling polychaete (MILLER, 
1970), Mitter (1970, 1971) suggested that most Type 
IIB species feed on small polychaetes. The similarity of 
radular tooth structure of T: subulata, T. guttata and T. 
succinea with Conus ebraeus and C. chaldeus, both of 
which were shown to be vermivorous by MarsH (1971), 
reinforces the evidence for vermivorous habit for these 
Terebridae. 


Explanation of Figures 16 to 22 


Terebra succinea radular tooth 


Figure 16: Whole tooth. Phase Contrast 
Figure 17: Whole tooth. SEM 
Figure 18: Tip of tooth. Phase Contrast 


The measured bars in Figures 18, 20, 21, 22 represent 20 nm 
in Figures 16 - 100um;17 - 40um; and 19 - 10pm 


Figure 19: Tip showing opening of central tube. SEM 

Figure 20: Base. Phase Contrast 

Figure 2/: Base. Phase Contrast 

Figure 22: Base showing rim, hook and concavity to one side. SEM 
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Figure 17 


Figure 16 


Figure 22 


Figure 27 
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SUMMARY 


The radular teeth of 3 species of terebrid molluscs were 
studied using the optical microscope and scanning elec- 
tron microscope. Tooth structure is similar to that of the 
Conidae and consists of a sheet of chitin rolled to form 
a hollow tube. The structure is simple in 2 species and no 
blades, barbs or serrations are present, while the other 
species possesses a barb at the tip and a sloping blade ter- 
minating in a barb. These data may be used in conjunc- 
tion with various other data for taxonomic purposes, to 
indicate possible phylogeny and to indicate diet. 
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INTRODUCTION 


THE ARCHEOGASTROPOD Acmaea (Notoacmea) scutum 
Eschscholtz, 1833, is a common inhabitant of the inter- 
tidal zone along much of the Pacific coast of North Amer- 
ica (McLean, 1969). To survive in this intertidal zone, 
A. scutum must maintain a delicate vertical balance be- 
tween the hazards that are posed by predatory sea stars 
from below and the hazards posed by physical factors, 
such as desiccation, from above. An avoidance response, 
which is given to distant sea stars, is an important part of 
this limpet’s successful behavioral strategy (PHILLIPS, 
1975a, 1976). Considerable additional information on 
the behavioral and physiological ecology of A. scutum is 
also available (e.g., FepER, 1963; Marcon, 1964; 
Kincston, 1968; Rocers, 1968; WEBBER, 1970; MENGE, 
1972; Wotcott, 1973). 

The avoidance response that Acmaea scutum gives to 
distant predatory sea stars consists primarily of increased 
upward movement. This avoidance response can be ob- 
served in the field as well as in the laboratory; it specific 
for particular predatory sea stars; and it can be modu- 
lated by various physical factors such as light (PHILus, 
1975a, 1976). The distance chemoreceptors that trigger 
the avoidance response are located on the limpet’s mantle 
margin along with several other types of receptors that 
may directly influence the animal’s integrated behavior; 
these include photoreceptors, tactile receptors, and con- 
tact chemoreceptors (Puiiups, 1975b). 

The mantle margin of Acmaea scutum clearly functions 
as an important and versatile sensory structure. The fol- 
lowing is a general description of structures found on the 
mantle margin of A. scutum by light and scanning elec- 


tron microscopy. Emphasis is placed on the mantle ten- 
tacles and on the sensory endings found on these ten- 
tacles. The present study is intended to provide a basis 
for a more restricted and detailed investigation that will 
deal specifically with the receptors that mediate avoid- 
ance behavior. 


MATERIALS anp METHODS 


Acmaea scutum were collected intertidally near Bodega 
Bay, California, and maintained in recirculating aquaria 
at 12- 14°C. Limpets ranging in shell length from 13 
to 36mm were studied. Living intact animals were exam- 
ined for general patterns of ciliary activity using a dis- 
secting microscope. For compound light microscopy, por- 
tions of fresh mantle margin containing several tentacles 
were excised and examined either in seawater or in a 
solution consisting of equal parts of seawater (34%,) and 
isotonic MgCl.-6H.O (7.2¢/100m/). 

Mantle margins were prepared for scanning electron 
microscopy by standard methods employing a variety of 
fixatives. The best results (7.¢., least distortion of cilia 
and microvilli) were obtained using the following proce- 
dure. Sections of mantle margin were excised and relaxed 
for 2 hours in a 1:1 solution of seawater and isotonic 
magnesium chloride. The tissue was then fixed for 2 
hours in cold Parducz’ fixative (6 parts 2% osmium tetr- 
oxide: 1 part saturated, aqueous mercuric chloride), de- 
hydrated in increasing concentrations of ethanol, and 
transferred to 100% amyl acetate. Several fixatives in 
addition to Parducz’ were also tried, including 2% and 
4% glutaraldehyde in seawater and 2% and 4% form- 
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aldehyde in seawater. Fixation with these aldehydes, how- 
ever, even when followed by a post-fixation with 2% 
osmium tetroxide, was generally less satisfactory than 
direct fixation with Parducz’. Fixed, dehydrated speci- 
mens were dried from amyl acetate by the CO: critical- 
point method of ANDERSoN (1951). They were attached 
to stubs with silver paint and coated with gold-palladium. 
Observations were made using a Cambridge Stereoscan 
electron microscope. 


RESULTS 


ORGANIZATION OF THE MANTLE MARGIN 


The mantle of Acmaea scutum is a fold of body wall 
that encircles the animal. As in other limpet-shaped gast- 
ropods, the mantle of A. scutum encloses a mantle cavity 
consisting of a nuchal cavity anteriorly and a pallial 
groove surrounding the body. The edge of the mantle is 
covered with small, sensory tentacles, and it projects be- 
yond the periphery of the shell when fully expanded (Fig- 
ure 7). The entire mantle is highly vascularized, and 
scattered clumps of motile cilia create water currents 
that run dorsally up the mantle wall. Motile cilia are 
largely restricted to this wall; there is little or no ciliary 
activity on the mantle edge in the region of the sensory 
tentacles. 

The sensory mantle tentacles are arranged in a small 
number of irregular rows around the mantle margin. Ten- 
tacles within each row are of uniform length, but the 
lengths vary between rows. The longest tentacles, which 
are about 0.8mm long when fully extended, occur proxi- 
mally. These tentacles project ventrally and laterally and 
may contact the substratum. Shorter tentacles occur in 
the next rows, and new tentacles arise near the distal 
edge of the mantle margin. The width of the margin and 
the total number of tentacles increase with the size of the 
limpet: a limpet with a shell length of 20mm may have 
120 tentacles whereas a limpet that is 35mm long may 
have 190 tentacles. Each mantle tentacle is capable of 
a full range of bending and lengthening movements, and 
each can be completely retracted into slit-like pits in the 
mantle margin. 


MANTLE TENTACLES: 


Light microscopy on fresh preparations 


Details of tentacle anatomy are apparent in fresh prep- 
arations of mantle margin viewed through the compound 
light microscope. Most of the surface of the sensory ten- 


tacles is covered with a pigmented epithelium. Pigment 
granules can be detected within the epithelial cells, and 
the intracellular distribution of granules allows approxi- 
mate cell boundaries to be seen as relatively clear areas. 
The ventral surface of the mantle wall and the region 
between the tentacles are also covered with an epithelium 
similar in appearance to that covering the sensory ten- 
tacles. 

The tip of each mantle tentacle bears a conspicuous 
cap of cilia (Figure 2), regardless of the size of the ten- 
tacle or its position on the mantle edge. In addition to the 
densely ciliated cap, smaller clusters of cilia erupt from 
between pigmented epithelial cells all along the length of 
the tentacle. In contrast to the large numbers of cilia 
present on the sensory tentacles, cilia are rarely seen on 
the mantle margin immediately surrounding the ten- 
tacles. The exact density of ciliation on the tentacles 
varies considerably between limpets and between ten- 
tacles on the same limpet. 

The clusters of cilia on the tentacles are varied in size 
and appearance. Observations of fresh preparations 
showed that large tufts containing many cilia were always 
stiff and non-motile, whereas some smaller clusters con- 
sisting of only a few cilia waved passively in a water cur- 
rent. On rare occasions, a few isolated cilia were observed 
to twitch repeatedly; however, in these cases, twitching 
became increasingly pronounced as the preparation aged 
and may have been artifactual. In any event, none of the 
cilia on the tentacles exhibited activity comparable to 
that of most motile cilia, such as those found on the 
mantle wall or on the ctenidium. Since the cilia on the 
mantle tentacles are clearly not used for water movement 
or particle movement, they are all presumed to be sensory 
in function. 


MANTLE TENTACLES: 


Scanning electron microscopy 


The surface features of a mantle tentacle are prominent 
in low-magnification scanning electron micrographs (Fig- 
ure 3). The pigmented epithelial cells form a background 
that is relatively smooth and dark in appearance, and the 
tip of each tentacle is completely covered by a dense 
crown of sensory cilia. Additional clumps of cilia can be 
seen scattered across the surface of the tentacle. 

The free surface of the epithelial cells consists of a 
dense packing of microvilli; at high magnification, the 
tips of the microvilli give a cobble-stone appearance to 
the surface of the cells (Figure 4). Occasionally during 
preparative procedures, splits occurred between adjacent 
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epithelial cells, allowing the microvilli to be viewed in 
perspective (Figure 5). Most of the microvilli are 2-3 
pum long and 0.15 - 0.20 um in diameter. 

The tip of each tentacle is covered with erect sensory 
cilia, some of which may be organized into separate clus- 
ters (Figure 6). This prominent cap of cilia varies in size 
between individual limpets and also between tentacles 
on the same limpet, but it is usually 32 - 40 um across at 
the widest point and may contain several hundred cilia. 
Most of the cilia in the cap are 6 - 8 um long and approxi- 
mately 0.3 zm in diameter. 

The additional clumps of cilia, which are scattered 
along the tentacle, contain a variable number of cilia 
and may differ greatly in appearance. In Figure 7, 2 
large, erect tufts of cilia can be seen along with several 
smaller tufts. The larger tufts on a tentacle may be as 
much as 15 ym across, and they undoubtedly consist of 
cilia from many sensory cells. Most of the cilia in these 
scattered tufts, like those on the tip, are 6- 8m long; 
however, even within a clump, the length of the cilia 
may vary considerably (Figure 8). 

Clusters of cilia with lengths that differ markedly from 
the average are also present in small numbers on most 
tentacles. Rows of extremely short cilia that barely extend 
above the tips of the microvilli are often seen (Figure 7). 
In addition, a number of extremely long, flexible cilia are 
usually present (Figure 9). These cilia are frequently 
as much as 20m long. Most often they arise in small 
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groups consisting of fewer than 6 cilia each. These groups 
are often widely separated, but because of the great 
length of the cilia, as many as 30 - 40 of these long cilia 
may be intertwined distally. 

The surface of the mantle tentacles is normally coated 
with a thin layer of mucus (Figure 9). This thin coat of 
mucus routinely veiled some of the finer features of the 
tentacles, and, in some preparations, the mucous coat was 
so thick that it completely obscured the tentacle surface. 
As might be expected, preparations with as little mucus 
as possible were usually selected for detailed study and 
micrography. The presence of a thin mucous coat, how- 
ever, should be considered as part of the most accurate 
representation of the “natural” condition. 

The results presented in Figures 3-9 were obtained 
using mantle margins that were first relaxed in a solution 
consisting of equal parts of seawater and isotonic mag- 
nesium chloride and then fixed directly in Parducz’ fixa- 
tive. Of the several methods that were tried during the 
course of this study, this procedure was considered to give 
a preparation that most accurately reflected the living 
condition. When other commonly used procedures were 
followed, some significant differences in appearance were 
found; these are also reported here for completeness. 
Primary fixation with aldehydes (primarily 4% glutar- 
aldehyde in seawater) consistently produced cilia that 
differed from those fixed in Parducz’. Cilia fixed with al- 
dehydes were usually bent over instead of erect, and many 


Explanation of Figures 7 to 3 


Figure 1: Ventral view of Acmaea (Notoacmea) scutum showing 
the fringe of sensory, mantle tentacles encircling the limpet. As 
many as 200 tentacles may be present along the mantle margin of a 
limpet 35mm in shell length x 15 
Figure 2: Dense cap of non-motile, sensory cilia covering the tip of 
a mantle tentacle. Unstained, fresh preparation viewed through the 


compound light microscope X 430 
Figure 3: Scanning electron micrograph of mantle tentacle. Note 
the dense crown of sensory cilia covering the tip and the smaller 
clumps of cilia scattered along the length of the tentacle. Parducz’ 
fixative X 290 


Explanation of Figures 4 to 7 


Figure 4: Surface of the epithelial cells that cover the mantle ten- 
tacles; shows the round tips of numerous microvilli forming a con- 
tinuous array. Parducz’ fixative. Scale equals approximately 5 um 

X 6 300 
Figure 5: Layer of microvilli viewed in perspective. Parducz’ fixa- 
tive. Scale equals approximately 5 um X 6500 


Figure 6: Crown of erect sensory cilia covering the tentacle tip. 
Parducz’ fixative. Scale equals approximately 15m X 1400 
Figure 7: Clusters of sensory cilia scattered along the shaft of a 
tentacle. Note the large cohesive tufts of cilia, the smaller clusters of 
cilia, and the row of truncated cilia that barely extend above the 
level of the microvilli (arrow). Parducz’ fixative. Scale equals ap- 
proximately 10 ym X 2800 


[PuiLiips] Figures / to 3 
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were distended in places. Furthermore, the cohesiveness 
of the ciliary tufts was apparently disrupted; organized 
tufts of cilia, common in preparations fixed with Parducz’ 
were not seen in aldehyde-fixed specimens. 

A striking difference in appearance was also seen be- 
tween mantle margins relaxed in an isotonic solution of 
MgCl: and seawater (Figure 3) and those relaxed in 
straight isotonic MgCl. without the addition of seawater 
(Figure 70). When mantle margins were relaxed in 
straight MgCl., cracks formed between the microvilli of 
adjacent epithelial cells, and cell boundaries became ob- 
vious (Figure //). In contrast, when seawater was added 
to the relaxing medium, the microvilli of neighboring 
epithelial cells formed a relatively continuous, cohesive 
array, and cell boundaries were not evident (Figure 7). 
This effect did not appear to depend on the tonicity of the 
relaxing solution since hypotonic (6.8%), isotonic (7.2%), 
and hypertonic (8.0%) solutions of MgCl. all gave similar 
results. Figures 10 and // also show that most of the 
epithelial cells on the mantle are 4 - 6um in diameter. 


DISCUSSION 


The mantle of Acmaea scutum is similar in general or- 
ganization to that of many other limpet-like prosobranch 
gastropods. In A. scutum, the mantle completely encircles 
the body, and the distal mantle edge is fringed with small, 
sensory tentacles. Motile cilia on the ventral surface of 
the mantle fold create water currents up the mantle wall. 
On the mantle edge, however, little ciliary activity is 
seen, although non-motile, sensory cilia are abundant on 
the mantle tentacles. These observations confirm YONGE’s 
(1962) description of ciliary currents in the pallial cavi- 
ty of A. scutum, and extend the observations of ABBOTT 
(1956), who examined water currentsin the pallial grooves 
of Lottia gigantea Sowerby, 1834, and found that in the 
region of the mantle tentacles, there was little or no ciliary 
activity. 

The mantle of Acmaea scutum is relatively simple in 
appearance, but functionally it is quite complex. As in 
most gastropods, the mantle of A. scutum has important 
shell-secreting and glandular activities. The mantle of 
A. scutum is also an important site of respiratory exchange 
(Kineston, 1968). The ciliary currents, which move 
water up the mantle wall, run counter-current to blood 
flow inside the mantle fold (KincsTon, op. cit.) ; the 
dense array of microvilli that covers the epithelial cells 
would provide an enormous surface area for the exchange 
of respiratory gases as well as other chemicals. Finally, the 
mantle margin of A. scutum functions as an extremely 
important sensory organ with a wide range of sensory 
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capabilities. Electrophysiological recordings from the pal- 
lial nerves, which innervate the mantle margin, indicate 
the presence of photoreceptors, distance chemoreceptors, 
contact chemoreceptors, and tactile receptors (PHILLIPS, 
1975b). All of these receptors appear to be physiological- 
ly distinct. For example, a receptor that is responsive to 
light does not respond significantly to tactile stimulation. 

Although the sensory receptors on the mantle margin 
of Acmaea scutum appear to be physiologically distinct, 
it is not known whether they are anatomically distinct as 
well. Early anatomical work using the light microscope 
showed that “bristle” or “brush” cells (‘Pinzellen’) oc- 
curred over much of the exposed epithelial surface of 
many gastropods (e. g., Bott, 1869; FLemminc, 1869; 
Davis «& FLEuRE, 1903; Crorts, 1929). These ciliated 
cells, thought to be primary sensory receptors, were most 
common around the mouth, along the anterior margin 
of the foot, and on the cephalic, mantle, and epipodial 
tentacles. In a study of specific interest, WiLLcox (1900, 
1905) reported that the mantle tentacles of the limpet 
Notoacmea testudinalis (Miller, 1776) were “richly pro- 
vided with sense cells of Flemming” [‘Pinzellen’]. Much 
more recently, the electron microscope has been used to 
describe the ultrastructure of ciliated, sensory cells in the 
unspecialized epithelia of a variety of mollusks (e. g., 
Crisp, 1971; Storch & WetscH, 1969; BarBER & 
WricutT, 1969; CranFIELpD, 1974). 

Even at the level of the electron microscope, however, 
the functional complexity of an unspecialized epithelium 
often appears to exceed its anatomical complexity. A 
striking illustration is provided by Crisp’s (1971) study 
of the receptors of Nassarius reticulatus (Linnaeus, 1758). 
Various parts of the unspecialized epithelium of Nassarius 
are known to be sensitive to light, water currents, touch, 
and chemicals; yet only 2 anatomically distinct types of 
ciliated sensory cells could be found at the ultrastructural 
level. 

Determining which particular function is provided by 
which particular sensory cell is also difficult to establish 
from anatomical data. The fact that a given sensory cell 
is ciliated, for instance, provides little information on the 
specific function of the cell. Lanp (1968) suggests that 
ciliated photoreceptors in the epidermis are involved in 
the shadow responses of many mollusks, and the dermal 
receptors of Nassarius reticulatus that were designated as 
photosensitive by Crisp (1972) bear cilia. The distance 
chemoreceptors of Tegula funebralis (A. Adams, 1855) 
that are responsive to predatory sea stars are ciliated 
(Szat, 1971), as are the presumed distance chemorecep- 
tors in the osphradia of several gastropods (Crisp, 1973). 
The contact chemoreceptors mediating prey-capture by 
Navanax inermis (Cooper, 1862) are ciliated (Murray 
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& Lewis, 1974). The tactile receptors of gastropods have 
long been assumed to be ciliated (e. g., WiLLcox, 1905), 
and Crisp (1971) states that the ciliated endings she de- 
scribes from Nassarius reticulatus are likely to include 
tactile receptors. 

Using the scanning electron microscope, several dis- 
tinctive types of ciliated sensory endings can be seen on the 
mantle tentacles of Acmaea scutum. While specific func- 
tions cannot be assigned to any of these sensory types at 
this time, some of them are suggestive of receptors that 
have been assigned definite functions in other animals. 
The large, erect tufts of cilia shown in Figure 7 bear a 
resemblance to gravity receptors of cephalopods and 
vertebrates and to mechanoreceptors of the lateral-line of 
fish (e. g., VINNIKov, 1974). Mechanoreception may be 
a function of the erect ciliary tufts on the mantle ten- 
tacles. The extremely short tentacles that are found in 
groups on the mantle tentacles (Figure 7) are strikingly 
similar in appearance to the truncated cilia found in rows 
on the mantle fold of the pediveliger of Ostrea edulis 
(CRANFIELD, 1974). A chemoreceptive function was sug- 
gested for these cilia in the pediveliger, and it may be 
suggested for those on the mantle tentacles as well. Par- 
ticularly for the mantle tentacles, however, a variety of 
alternative explanations can be advanced to explain short 
cilia; they may, for instance, simply be emergent stages of 
longer cilia. In marked contrast to the truncated cilia, 
extremely long and thin cilia are also found on the mantle 
tentacles (Figure 9). The length and flaccid nature of 
these cilia would appear to make a mechanoreceptive 
function unlikely. Photoreception would also appear to 
be an unlikely function for these cilia, since receptors 
responsive to light are usually characterized by a prolifer- 
ation of membranes (Lanp, 1968). Since mechanorecep- 
tion and photoreception appear unlikely and since verte- 
brate olfactory cells bear long cilia (e. g.. VinNIKov, 
1974), a chemoreceptive role may also be suggested for 
these cilia. 
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SUMMARY 


The mantle margin of Acmaea (Notoacmea) scutum bears 
a large number of small, sensory tentacles. These mantle 
tentacles were studied using the scanning electron micro- 
scope and the compound light microscope. Most of the 
surface of the mantle tentacles is covered with pigmented 
epithelial cells having cell diameters of 4 - 6 um; the free 
surface of these supporting cells consists of a dense pack- 
ing of microvilli. The tip of each tentacle bears a conspic- 
uous, dense cap of cilia. In addition to this ciliated cap, 
clusters of cilia in several characteristic patterns erupt 
from between the supporting cells along the entire length 
of the tentacle. Many of the cilia in the cap and along the 
tentacle are organized into stiff, cohesive tufts. Most of 
the cilia in these tufts are 6 - 8um long, however, smaller 
numbers of cilia with lengths that differ markedly from the 
average are also regularly present. Rows of short cilia 
are often seen, which barely extend above the tips of 
the microvilli. Extremely long, flexible cilia, as much as 
20 wm in length are also present on most tentacles. All of 
the cilia on the mantle tentacles are essentially non-motile 
and are presumed to be sensory in function. 
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A New Alaskan Macoma 


(Mollusca : Bivalvia) 


RAE BAXTER 


Box 96, Bethel, Alaska 99559 


(2 Plates; 1 Text figure) 


Durinc THE Great ALASKA Earthquake of 27 March 
1964, MacLeod Harbor on Montague Island in Prince 
William Sound was uplifted approximately 9.6m. This 
elevation change probably occurred during a 3 - 5 minute 
period and it was not followed by a tsunami wave. Only 
those organisms that were washed free with the receding 
water and were not trapped in pools escaped. With the 
subtidal delta of MacLeod Creek exposed, the creek 
rapidly cut new channels 2 - 3m below the surface of 
the previous delta. Mollusk shells from the original delta 
formed windrows on the new beach line. 

After the earthquake, the State of Alaska Department 
of Fish and Game did extensive sampling in Prince Willi- 
am Sound to measure the effects of the change in land 
elevation on clam resources (BAxTER, 1971). Among the 
approximately 174 species of mollusks collected in Mac- 
Leod harbor was a number of Macomas: Macoma bal- 
thica (Linnaeus, 1758) ; M. brota Dall, 1916; M. expansa 
Carpenter, 1864; M. inquinata (Deshayes, 1855) ; M. ob- 
liqua (Sowerby, 1817); and one Macoma that was some- 
what similar to M. expansa. A literature search (especi- 
ally Dati, 1900; Coan, 1971; DuNHILL « ELLIs, 1969) 
and examination of type specimens and collections in the 
U. S. National Museum, the California Academy of 
Sciences, the Los Angeles County Museum of Natural 
History, and the Marine Collections, University of Alas- 
ka was made, and the indications were that this species 
of Macoma was not previously described. 

The collection of the undescribed Macoma was made 
in July 1965 and consisted of 6 connected pairs of valves 
without their soft parts. There were the dried remains of 
the adductor muscles in 1 pair. Thus 5 of the clams ap- 
peared to have been killed by the uplift 16 months before, 
and the other probably had been dead approximately a 
month based on observed decay rates of other species of 
clams following the earthquake in other areas of Prince 
William Sound. Only a few-specimens of each species were 
being collected during the survey from any one area and 
it was not recognized at the time of collection that this 


clam was different from M. expansa. Subsequently it 
has not been feasible to examine MacLeod Harbor for 
more specimens. 

Four pairs of valves, 2 pairs with the left valve crushed, 
of this species were located in the marine collections of 
the University of Alaska, Fairbanks. They were stomach 
contents of the starry flounder, Pleuronectes stellatus (Pal- 
las, 1811), obtained by personnel of the University by 
trawling off Icy Cape, Alaska. 


TELLINIDAE Blainville, 1814 


Macoma Leacu, 1819 


Macoma dexioptera Baxter, spec. nov. 


Diagnosis: Shell is egg-shaped, evenly pointed posteri- 
orly and well rounded anteriorly; moderately compressed, 
widest just anterior of the beaks; beaks slightly project- 
ing above dorsal margins. Shell height averages 66% 
of length; average width is 28% of length; beaks are 
central, averaging 54% of the length posteriorly from the 
anterior end; dorsal margins straight, meeting at the 
beak at an average angle of 145°; posterior end with a 
slight to a very slight flexure to the right; antero-dorsal 
margin of the right valve overlaps that of the left valve, 
the length of the overlapping “wing” averages 26% of 
the shell length; the antero-dorsal margin of the left valve 
is straight. The shell is thin, with a weak hinge and small, 
delicate cardinal teeth. These hinge teeth are normal for 
the genus. The larger bifurcate cardinal tooth is the an- 
terior one in the left valve and is the posterior one in the 
right valve. The other cardinal tooth in each valve is 
laminar. All cardinal teeth have a narrow base and then 
swell slightly to a bulbous distal end. They tend to be 
broken off in most specimens, especially the larger bifur- 
cate teeth. 

The pallial sinuses are large, that of the left valve 
slightly the larger; pallial sinus depth averages 70% of 
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the shell length in the left valve and 64% in the right 
valve; pallial sinus lines in both valves have a dorsal 
“hump.” Pallial sinus line in the left valve meets the pal- 
lial line at an average anterior angle of 47°, with a small 
amount of overlap; the pallial sinus lines join the pallial 
line slightly anterior to the beaks; the joined posterior 
portion of the left pallial line averages 37% of the shell 
length. 

The anterior cruciform muscle scar occurs ventrally 
and even with the posterior end of the pallial line. The 
posterior cruciform muscle scar is double with the larger 
scar the posterior one and both lie ventrally and posterior- 
ly to the posterior tip of the pallial line. 

Shell color is white, with a thin shiny pale-straw col- 
ored periostracum that is present on the outer margins of 
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the shell and tends to be worn off near the beaks. Exter- 
nal sculpture on the shell consists of very low growth lines, 
strongest at the period of winter growth cessation; and an 
imperfect ridge or fold along the dorsal margin from the 
beak to the posterior end of the shell. The periostracum 
has extremely faint radial lines on it that do not appear 
on the shell. 


Measurements of the Holotype: length 39.2mm; height 
25.7mm; width 11.2mm (see Table 1 for additional meas- 
urements of holotype and paratypes) . 


Type Locality: MacLeod Harbor, Montague Island, 
Prince William Sound, Alaska, U.S. A. (59°53.4’N; 147° 
49.8’ W) from beach drift at the head of MacLeod 
Harbor on the north side of the bay. 


Table 1 


Measurements of Holotype and Paratypes 


The holotype and 2 of the paratypes were placed in insti- 
tutions prior to the establishment of the measurements 
considered significant for comparisons of the different 
species of Tellinidae. Therefore, some measurements are 
missing. Measurement positions and definitions are given 


in the appendix. Measurements were taken with a ver- 
nier caliper to the nearest tenth of a millimeter, by a 
micrometer eye piece to the nearest hundreth of a milli- 
meter, or by use of a protractor to the nearest degree. 


Holotype Paratypes 
| CAS CAS LACM USNM UA RB EK 

55801 48843 1786 711116 M802 1058e 
Length, millimeters 39.2 31.4 34.3 33.0 27.3 26.5 
Height, mm 26.2 21.7 23.0 20.4 18.3 17.3 
Width, mm eeeelele2 8.8 10.0 8.5 7.9 6.9 
Anterior length, mm i 203 16.6 17.8 17.2 14.6 14.3 
Ligament length, mm 8.4 6.2 6.6 6.1 OH Ovi 
Ligament width, mm _ — _ 1.1 1.2 1.0 
Angle of posterior flexure to the right, ° a als — — 9 6 6 
Angle of dorsal margins, ° 142 149 142 152 141 143 
Age, years +17 6 +13 6 5 4 

Lert VALVE MEASUREMENTS | 
Pallial line length, mm 25:6 19.2 21.6 21.8 16.7 16.7 
Posterior pallial line length, mm | 15:6 10.9 10.6 13.3 10.8 10.0 
Pallial sinus, total length, mm — — — 23.2 20.0 18.5 
Pallial sinus, adductor length, mm 16.1 12.8 13.1 14.5 12.4 11.1 
Pallial sinus height, mm 11.5 8.4 8.9 8.0 8.2 7.0 
Anterior angle at junction of pallial sinus line with pallial line,°) 62 56 47 42 44 56 
RiGHt VALVE MEASUREMENTS 

Pallial line length, mm — — — 21.0 16.6 16.3 
Posterior pallial line length, mm 13.4 10.5 10.0 14.2 10.2 9.4 
Pallial sinus, total length, mm = — — 21.3 18.7 17.4 
Pallial sinus, adductor length, mm 14.5 12.8 11.9 13.5 11.6 10.4 
Pallial sinus height, mm 10.8 7.3 8.2 7.7 8.0 6.5 
Antero-dorsal “wing” length, mm 9.0 _ 8.4 7.5 6.8 4.7 
Antero-dorsal “wing” overlap of left valve, mm 0.8 _ 0.6 0.66 0.44 0.24 
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Distribution: Known from type locality and from stom- 
ach contents of Pleuronectes stellatus obtained in about 
20m off Icy Cape, Alaska (approximately 59°57’N; 
141°50’W). 


Habitat: No live specimens have been collected. Be- 
cause of the presence of Macoma dexioptera with M. ex- 
pansa and Siliqua patula Dixon, 1788, mollusks that uti- 
lize the same type of clean sand habitat, and because of 
the similarity of shell color and periostracum condition to 
M. expansa, it is probable that the habitat in MacLeod 
Harbor of M. dexioptera and M. expansa are similar. 

The habitat of Macoma expansa and M. lama Bartsch, 
1929 is in clean sand on semi-protected beaches with mod- 
erate surf, from the low intertidal into the subtidal zone. 
This type of habitat was common in MacLeod Harbor 
prior to the uplift. Macoma lama has been collected with 
M. expansa in other areas of Alaska, but it was not noted 
in MacLeod Harbor. As adults, M. expansa and M. lama 
lie flat on their left side 10 to 23cm below the substrate 
surface. Both are capable of rapidly re-digging them- 
selves into the substrate if dislodged. 

The Pleuronectes stellatus samples were caught on a 
sandy bottom. 


Discussion: Macoma dexioptera is most similar to M. 
expansa with which it was associated in the beach drift, 
and to a lesser extent to M. lama. All 3 species have com- 


paratively thin, porcellaneous shells, a smooth, polished: 


periostracum, a centrally located beak, and are flexed 
about the same amount to the right posteriorly. The most 
conspicuous differences are the antero-dorsal margin on 
the right valve of M. dexioptera which overlaps the mar- 
gin of the left valve, and the evenly pointed posterior end 
of the shell. Mfacoma lama is separated from this new 
species by having markedly unequal pallial sinuses, 
straighter postero-dorsal shell margin, lack of an overlap 
of the right antero-dorsal shell margin, a deeper shell, 
average depth is 72% of its length, its posterior end more 
ventrally oriented, the anterior cruciform muscle scar ante- 
ro-ventral from the posterior tip of the pallial line, and 
the smaller anterior scar of the posterior cruciform muscle 
scars lying even with and ventrally from the posterior tip 
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of the pallial line. Macoma expansa is plumper than the 
new species, with an average width of 32% of its length, 
has a more rounded posterior end, has no antero-dorsal 
overlapping “wing,” has a longer joined section of the 
pallial line and pallial sinus line, and the position of the 
cruciform muscle scars tends to be intermediate between 
M. dexioptera and M. lama with the posterior tip of the 
pallial line ending between the anterior cruciform scar 
and the small anterior section of the posterior cruciform 
scars. 

Macoma secta (Conrad, 1837) and M. yoldiformis 
Carpenter, 1864, sometimes show a very slight tendency 
for the right valve to overlap the left valve at the antero- 
dorsal margin. This overlap, when present, is smaller, 
shorter in length, and its maximum development is closer 
to the beak than it is with M. dexioptera. 

The species name, derived from the Greek deétos 
(dexios) - w7epa (ptera) “on the right side - wing”, 
refers to the “winglike” projection of the right antero- 
dorsal shell margin that overlaps that portion of the left 
valve. The combined word is spelled dexioptera to make 
it more pronounceable and the word is a noun. 

No subgenus is assigned to Macoma dextoptera. 


DISPOSITION or SPECIMENS 


Holotype: CAS 55801 (EK 1058c) California Academy 
of Sciences, San Francisco, California, U.S.A. 
Paratypes: CAS 48843 (EK 1058) California Academy 
of Sciences, San Francisco, California, U.S. A. 
LACM 1786, in type collection (EK 1058a). Los An- 
geles County Museum of Natural History, Los Angel- 
es, California, U.S. A. 

USNM 711116 (EK 1058b), U.S. National Museum, 
Washington, D. C., U.S. A. 

M802 (EK 1058d), Marine Collections, University of 
Alaska, Fairbanks, Alaska, U.S. A. 

EK 1058e, Collection of Rae Baxter, Bethel, Alaska, 
U.S.A. 

Specimens of Macoma expansa and M. lama used for 
comparisons have been deposited at the California Acad- 
emy of Sciences and the U.S. National Museum. These 
specimens are numbered: 


Explanation of Figures J to 6 


Figure 1: Macoma dexioptera spec. nov. Holotype, CAS 55801 
length 39.2 mm (interior, right valve) 

Figure 2: Macoma dexioptera spec. nov. Holotype, CAS 55801 
(interior, left valve) 

Figure 3: Macoma expansa Carpenter, 1864. CAS 55802, length 
43-6mm (interior, right valve) 


Figure 4: Macoma expansa Carpenter, 1864. CAS 55802 (interior, 
left valve) 

Figure 5: Macoma lama Bartsch, 1929. CAS 55806, length 31.3 
mm (interior, right valve) 

Figure 6: Macoma lama Bartsch, 1929. CAS 55806 (interior, left 
valve) 
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Macoma expansa CAS 55804 (H 1061ad) 
CAS 55802 (EK 1061a) USNM 711117 (H 1061i) 
CAS 55803 (P 106laa) USNM 711118 (H 1061n) 
Table 2 
In order to compare the shapes of the different allied ship of the different physical characteristics, expressed as 
species and the variation within each species, the relation- a ratio of total length or as an angle, were computed. 
Macoma Macoma Macoma 
dextoptera expansa lama 
Height/length X 0.6632 0.732 0.717 
Range: minimum-maximum 0.62-0.70 0.68-0.79 0.67-0.76 
Width/length xX 0.281 0.322 0.289 
Range: minimum-maximum 0.25-0.30 0.29-0.36 0.25-0.36 
Anterior length/length X 0.539 0.490 0.504 
Range: minimum-maximum 0.52-0.56 0.46-0.52 0.46-0.56 
Ligament length/length x 0.200 0.252 0.312 
Range: minimum-maximum 0.18-0.22 0.22-0.30 0.26-0.39 
Ligament width/length x 0.040! 0.048 0.061 
Range: minimum-maximum 0.03-0.04 0.04-0.06 0.05-0.08 
Angle of posterior flexure, right x 7.593 54° 9.5° 
Range: minimum-maximum 3-14 0-10 3-20 
Angle of dorsal margins at beak X 145.3° 145.5° 132.8° 
Range: minimum-maximum 142-152 138-152 127-150 
Lert VALVE Data 
Pallial line length/length xX 0.629! 0.635 0.625 
Range: minimum-maximum 0.60-0.66 0.59-0.67 0.57-0.67 
Posterior pallial line length/length x 0.374! 0.486 0.517 
Range: minimum-maximum 0.31-0.41 0.42-0.53 0.43-0.57 
Pallial sinus, total length/length X 0.6963 0.751 0.784 
Range: minimum-maximum 0.68-0.73 0.72-0.78 0.71-0.84 
Pallial sinus, adductor length/length X 0.416! 0.478 0.495 
Range: minimum-maximum 0.38-0.45 0.44-0.52 0.45-0.54 
Pallial sinus height/length x 0.276! 0.310 0.292 
Range: minimum-maximum 0.25-0.32 0.26-0.39 0.25-0.33 
Anterior angle at junction of pallial & 
sinus line with pallial line xX 47.2°1 63.7° 43.4° 
Range: minimum-maximum 30-62 18-99 25-66 
Ricut VALVE Data 
Pallial line length/length x 0.6142 0.628 0.611 
Range: minimum-maximum 0.60-0.64 0.58-0.66 0.55-0.65 
Posterior pallial line length/length x 0.336 0.435 0.408 
Range: minimul-maximum 0.27-0.39 0.38-0.50 0.30-0.49 
Pallial sinus, total length/length X 0.6352 0.714 0.698 
Range: minimum-maximum 0.61-0.68 0.69-0.75 0.66-0.76 
Pallial sinus, adductor length/length x 0.394 0.441 0.427 
Range: minimum-maximum 0.35-0.49 0.39-0.48 0.38-0.48 
Pallial sinus height/length X 0.248 0.295 0.261 
Range: minimum-maximum 0.21-0.29 0.23-0.38 0.22-0.29 
Antero-dorsal “wing” length/length X 0.258? 0 0 
Range: minimum-maximum 0.18-0.34 
Sample size 10128 21 29 


1Sample size is 8 
*Sample size is 7 
3Sample size is 5 
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Macoma lama 
CAS 55805 (H 1044b) 
CAS 55806 (FY 1044a) 
CAS 55807 (GZ 1044x) 
USNM 711126 (H 1044t) 
USNM 711127 (GH 10440) 


Ve 


Figure 13 


Measurement Positions: Tellinidae 


Macoma brota Dall, 1916 


A-B Length equals the greatest straight line distance from the 
anterior to the posterior end of the shell 
C-D Height equals the straight line distance from the dorsal-most 
part of the beak to the ventral margin of the shell, perpendicu- 
lar to the length measurement 
Width equals the greatest straight line distance between the 
outside surfaces of the paired valves in their normal closed 
position 
C-H Ligament length equals the straight line distance from the 
beak to the posterior end of the ligament 
Ligament width equals the greatest straight line distance 
across the ligament, measured with the paired valves in their 
normal closed position 
Angle of posterior flexure to the right is the amount of devi- 
ation of the posterior end of the shell from the hinge line 
Angle of dorsal margins is the interior angle formed by the 


junction of the anterior and posterior dorsal shell margins 
Age of the clam is obtained from the count of the annular 
growth cessation marks on the exterior of the shell 
F-J  Pallial line length equals the straight line distance from the 
junction of the pallial line with the anterior adductor muscle 
scar to the posterior end of the pallial line. This measurement 
does not follow the curve of the line 
F-I Posterior pallial line length equals the straight line distance 
from the junction of the pallial sinus line with the pallial line 
to the posterior end of the pallial line 
A-M_  Pallial sinus, total length equals the distance from the ante- 
rior-most extension of the sinus to the posterior end of the shell 
G-M_ Pallial sinus, adductor length is the straight line distance 
from the junction of the pallial sinus line with the posterior 
adductor muscle scar to the anterior-most extension of the 
pallial sinus line 
K-L_  Pallial sinus height equals the greatest straight line distance 
measured from the dorsal-most extension of the pallial sinus 
line, perpendicular to the length, to the pallial line 
Angle I _ is the interior angle formed by the junction of the pallial 
sinus line with the pallial line 
Antero-dorsal “wing” length equals the length of the over- 
lapping portion by the right valve over the left valve with the 
paired valves in their normal closed position 
“Wing” overlap equals the amount of the right valve ex- 
tending over the left at its maximum development. The 
measurement is from the hinge line of the left valve to the left 
edge of the antero-dorsal margin of the right valve 


My thanks go to Eugene V. Coan for his assistance and 
for the benefit his taxonomic review of the Tellinidae was 
to me. The help and suggestions of James McLean, Barry 
Roth and Joseph Rosewater are greatly appreciated. 
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Explanation of Figures 7 to 12 


Figure 7: Macoma dexioptera spec. nov. Holotype. CAS 55801 
length 39.2mm, line = 10mm (Exterior, left valve) 

Figure 8: Macoma dexioptera spec. nov. Holotype, CAS 55801 
(exterior, right valve) 

Figure 9: Macoma expansa Carpenter, 1864. CAS 55802, length 
43-6mm, line = 1omm (exterior, left valve) 


Figure 10: Macoma dexioptera spec. nov. Holotype. CAS 55801 
line = 1omm (antero-dorsal margin showing overlapping “wing” 
of right valve) 

Figure 11: Macoma lama Bartsch, 1929. CAS 55806, length 31.3 
mm, line = 10mm (exterior, left valve) 

Figure 12: Macoma dexioptera spec. nov. Paratype, RB EK 1058e 
left anterior cardinal tooth; line = 1mm 
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A Uniquely Sculptured Middle Miocene Pelecypod 


of the Genus Lima 


ELLEN J. MOORE 


U.S. Geological Survey, Menlo Park, California 94025 


(1 Plate) 


Tuis Lima CAME To My attention when fragments were 
found in collections (USGS M3743, M3744, and M6500) 
from unnamed upper Miocene strata on San Clemente 
Island, California (VEppDER « Moore, 1976: plt. 3, fig. 
7). To aid in identifying these fragments, J. G. Vedder 
of the U. S. Geological Survey showed me a specimen, the 
holotype, which he had collected in 1953 from sandstone 
beds in the lower part of the Monterey Shale of the San 
Joaquin Hills, California. He also furnished Holocene 
specimens of Lima tetrica Gould, 1851, which he had 
collected in the Gulf of California, and I am indebted to 
him for these courtesies and also to Warren O. Addicott 
for helpful discussions and for technical review of the 
manuscript. The photographs that illustrate this paper 
were taken by Kenji Sakamoto and the electron micro- 
graph by Robert Oscarson, both with the U. S. Geological 
Survey. Two abbreviations are used in this paper: USGS 
for U.S. Geological Survey, and USNM for National 
Museum of Natural History. 


Lima vedderi Moore, spec. nov. 
(Figures 2, 6, 7, 9, 10) 


The shell of Lima vedderi is moderately thick, and the 
preserved part bears 20 prominent slightly rounded ribs 
that are separated by rounded interspaces about half as 
wide as the ribs of the anterior and posterior margins, 
but as wide as the ribs on the central part of the shell. 
Assuming a normal positioning of the beaks, the holo- 
type is about 45mm high and 50mm long. Distinctive 
bulbous nodes are preserved along the entire length of the 
surface of the ribs; no part of the ribs is smooth. The 
nodes are massive and shaped like very shallow cups with 
their dorsal surfaces (Figure 9) convex and smooth and 
their ventral surfaces (Figures 2, 10) concave. The nodes 
are about evenly spaced; the distance between the mid- 
points ranges from 2.2 to 2.8mm. Although the general 


configuration of the nodes is regular, some nodes are 
more nearly semispherical and thicker than others. No 
minor sculpture similar to that on L. vedderi has been 
noted on any described Lima, nor, for that matter, on 
any other pelecypod genus. The uniqueness of the sculp- 
ture makes identification of even small fragments feasible 
(Figure 6). The outline, shape, and ribbing of L. vedderi 
are sufficient to make assignment to the genus Lima rea- 
sonably certain. Holocene specimens of Lima tetrica 
Gould from Baja California, the only similar northeast 
Pacific species, illustrate comparisons with the fossil spe- 
cies (Figures /, 3, 4, 5, 8). Lima tetrica differs from L. 
vedderi in sculpture; the ribs on L. tetrica bear spines 
and lamellae rather than nodes. 


Holotype: USNM 240060; Figures 7, 9, 10. 


Type Locality: USGS M3220. San Juan Capistrano 
quadrangle (1949 edition), Orange County, California; 
328m N and 91m W of SE corner of sec. 4, T.75S., R. 
8 W;; altitude about 80m. On east bank of Aliso Creek. 
Base of Monterey Shale, middle Miocene. Lat. 33°35.3’N, 
long. 117°47.7’ W. J. G. Vedder, 1953. 


Occurrence Elsewhere: USGS M3743, M3744, and 
M6500, upper Miocene, San Clemente Island, Califor- 
nia. (U.S. Geological Survey locality data are on file 
and available through the Paleontology and Stratigraphy 
Branch, Menlo Park, California). 


Range: Middle to late Miocene. 

Mollusks occurring in the San Joaquin Hills collection 
(USGS M3220) with Lima vedderi include Lyropecten 
crassicardo (Conrad, 1857), Ostrea wiedeyi Hertlein, 
1928, and Ostrea sp. cf. O. freudenbergi Hertlein & Jor- 
dan, 1927. Also in the collection are specimens of the 
middle Miocene echinoid Vaquerosella merriami (Ander- 
son, 1905) and foraminifers that were identified in 1960 
by Patsy B. Smith as follows: 
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Species Abundance 
Marginulina beali (Cushman) Few 
Valvulineria californica appressa Cushman 

Very abundant 

Valvulineria depressa Cushman Abundant 
Nonion costiferum (Cushman) Common 
Hanzawaia illingi (Nuttall) Common 
Buliminella subfusiformis Cushman Abundant 
Elphidium crispum (Linnaeus) Rare 
Nonionella sp. Few 
Bolivina marginata Cushman Rare 
Fursenkoina californiensis (Cushman) Common 


Smith assigned these foraminifers to the middle Miocene, 
lower Luisian Stage, and considered them to indicate a 
water depth of 50 to 150m. Modern representatives of 
the mollusks Ostrea and thick-shelled species of Lima live 
in shallow water at a depth of less than 100m. 
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Explanation of Figures J to 10 


Figures 1, 3, 4, 5, 8: Lima tetrica Gould, 1851 


Figure 1: Exterior of left valve. About 5km N of Mulege, Baja 
California, Mexico. USNM 710970 xX 14 

Figure 3: Interior of left valve shown in Figure 1 

Figure 4: Interior of right valve shown in Figure 5 

Figure 5: Exterior of right valve paired with specimen shown in 


Figure 1. USNM 710971 X14 
Figure 8: Exterior of left valve. Punta Pescadero, about 80km SE 
of La Paz, Baja California. USNM 710969 XI 


Figures 2, 6, 7, 9, 10: Lima vedderi Moore, spec. nov. 


Figure 2: Electron micrograph of specimen shown in Figure 6. 
San Clemente Island, California. USGS M6500; USNM 


240059 X 13 
Figure 6: Fragment of valve from San Clemente Island, California. 
USGS M6500; USNM 240059 X14 
Figure 7: Holotype. A left valve?; incomplete specimen. USGS 
M3220; USNM 240060 x 14 
Figure 9: Enlargement of noded ribs of holotype viewed from 
dorsal side. X3 


Figure 10: Enlargement of noded ribs of holotype viewed from 
ventral side. X3 


[Moore] Figures 7 to 10 
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Food Preference, Food Availability and Resource Partitioning 


in Triopha maculata and Triopha carpenters 


(Opisthobranchia : Nudibranchia ) 


JAMES NYBAKKEN anp JAMES EASTMAN 


Moss Landing Marine Laboratories of the Central California State Universities and Colleges 


P.O. Box 223, Moss Landing, California 95039 


(4 Text figures) 


INTRODUCTION 


T\vo OF THE MOST ABUNDANT nudibranch species of the 
low intertidal zone in Central California are Triopha 
maculata MacFarland, 1905 and Triopha carpentert 
(Stearns, 1873). During the course of population studies 
of dorid nudibranchs at Asilomar State Beach over the 
period from 1969 to 1973, the senior author noted that 
these 2 species were dominant in abundance at all times 
of the year and that both occurred simultaneously in 
large numbers. Regular co-occurrence of trophically sim- 
ilar, closely related species is of interest ecologically be- 
cause it offers the opportunity to investigate the mechan- 
isms by which congeneric species partition the available 
resources and to ascertain if competition is occurring for 
any resource which may be in short supply. The present 
study was thus undertaken to seek an answer to the 
question of how these 2 species either competed for or 
partitioned the food resource. 

Although no extensive studies have been made on the 
food of Triopha maculata or T. carpenteri, MacBeTH 
(1971) has recorded T. carpenteri preying on 3 species 
of Bryozoa and Bertscu et al. (1971) record a single 
instance of T: maculata apparently preying on colonial 
ascidians. Observations by the senior author and other 
students at Moss Landing Marine Laboratories, however, 
suggested that J? maculata also preyed upon Bryozoa. 
Hence concentration was placed on the Bryozoa as the 
probable major food source for both species. 


STUDY SITE 


The field study site was located at Asilomar Beach, Cali- 
fornia (lat. 36°38’N; long. 121°57’W), where both 
Triopha maculata and T. carpenteri occurred in some a- 
bundance. The site was less than 50m from the location 
of the study area used by the senior author for long term 
population studies, but of a slightly different physical 
character. The study area projected seaward in a wedge 
shape with southern and northern borders approximated 
by channels open to essentially full wave action; the west- 
ern border was a deep channel protected by a seaward 
barrier. The site consisted of several shallow and moder- 
ately deep pools with both rock and sand bottoms, all 
within a matrix of projecting granite of moderate relief. 
The site was on exposed coast (RIcKETTS & CALvIN, 1968), 
but was protected by the seaward barrier. The site was 
fully contained within Zone 4 and the lower part of 
Zone 3 of the RickEeTTs & CALviIN (op. cit.) classification. 
The rich cover of the site was dominated by species of 
Gigartina, Iridaea, delesserious algae and numerous en- 
crusting invertebrates. 


METHODS anp MATERIALS 


Frevp Stupies: Triopha 


Each month from November, 1972, until October, 
1973, specimens of both Triopha maculata and T. car- 
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penteri were collected during the 2 or 3 days of the lowest 
tides. Collection and observation lasted from 1 to 4 hours 
each day, depending on conditions. For each specimen 
taken the following information was recorded: Time 
and depth of capture, substrate, location in the study area, 
activity and general appearance. Each specimen was ei- 
ther observed for a period of time before removal or was 
immediately placed in an individual container contain- 
ing filtered sea water. The specimen containers were 
placed in large jars of sea water for transport, with an 
average of 50 minutes spent in transit from the study site 
to the laboratory. 

Experimental aquaria were set up employing an insu- 
lated 72] capacity aquarium, an insulated 25/ capacity 
tank and an uninsulated 25/ capacity tank. A refrigera- 
tion unit was tied into the circulation system, the tanks 
were aerated and fresh sea water was provided 3 or 4 
times a week from the sea water system at the Moss 
Landing Marine Laboratories. The refrigeration system 
maintained a temperature of 12°C to 14°C until June 
of 1973, after which ambient air temperatures went be- 
yond the ability of the system to compensate. For this 
reason, no long term studies were possible during the 
period June 10 to September 25, 1973. 

Each specimen brought to the laboratory was kept in an 
aquarium in its collection container (which had a por- 
ous lid) until it seemed to have become acclimated as 
evidenced by initiation of behavior patterns similar to 
those observed in the field. It was then measured with 
calipers to obtain mantle width at the widest point and 
total length during smooth locomotion (Risso-Domin- 
GUEZ, 1963). The specimen was then damp-dried with 
lens tissue and weighed to the nearest 5 milligrams. Color 
and condition were again noted and the individual was 
classed as immature, transitional or mature (see discus- 
sions in CocKERELL, 1915 and MacFarranp, 1966). The 
individuals were returned to the holding tank in their 
individual containers, where they were held for 72 hours. 
This period was allowed for clearance of the gut. In the 
absence of additional food, no fecal production was ob- 
served after this period. Once the guts were cleared, all 
specimens were transferred to the main tank, where both 
species were kept together. 

The fecal material was allowed to settle in the individ- 
ual containers, decanted, the residue transferred to 
centrifuge tubes, spun at 1500 rpm and decanted again. 
The solid remainder was then mounted for microscopic 
examination. 


EXPERIMENTAL STupIES: Triopha 

An experiment to determine substrate preferences of 
both species was run on 2 occasions, in March and Octo- 
ber of 1973. On both occasions a section of rocky sub- 
strate with all attached organisms which could reason- 
ably be transported was placed in the smaller insulated 
tank. The section of rock was chosen to be as close as 
possible to that observed in the study area. Each time 
the percent cover of the individual specimens on the sub- 
strate was recorded prior to the experiment and note was 
made of the condition of all possible food items seen. 
The first study involved an area of about 1000cm? in- 
cluding the surface of some large algal fronds. Over a 
period of 10 days 17 sets of observations were made of 
the positions of each of 30 immature individuals of Tr- 
opha maculata introduced to the study substrate on day 
one. The second study was made with a test substrate of 
about 3000cm%, over a period of 10 days. Twenty sets of 
observations were made of 10 mature T. maculata and 3 
mature TJ: carpentert. At the conclusion of both studies 
the condition of both the Triopha and the possible prey 
items was noted. The prey items were observed for any 
signs of actual predation. The percent cover was com- 
pared with the calculated percent time spent by the test 
animals on given categories of substrate. 

The primary object of the laboratory experiments was 
to determine food preferences. Although we knew after 
the initial studies that bryozoans were the major prey 
group, other possible prey items including algae, ascidi- 
ans, coelenterates and sponges continued to be offered 
throughout the study period. Food preference tests were 
run in December, 1972, and March, June and October of 
1973 with test animals which had been confined for from 
4 days to 4 months. The small study tank was used for 
these tests. Condition of test animals was observed before 
each test run. 

In the preference tests, 4 cm? segments of test items, 
or the equivalent for arborescent forms, were placed in 
small stender dishes in a circle 10cm from a center 
point at which immature Triopha maculata were intro- 
duced. The radius was 15cm for mature T: maculata and 
T. carpenteri. Each test series consisted of 4 trials, each 
trial with 9 prey choices and 1 blank. Ten immature or 
5 mature animals were introduced at the center of the 
tests circle and observed 10 times during the ensuing 72 
hours, the first time at 1 to 2 hours after the start and the 
last at the end of the test. For each trial the array of test 
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items was altered and the entire tank was cleaned. Each 
animal was isolated for 24-36 hours after the test to 
collect fecal material. The test animals were then pooled 
with the other animals in the large tank, and after a 
total elapsed time of 72 hours, another set of test animals 
was selected for the next test. Condition and behavior 
of each test animal was noted at each observation time, 
as well as informally throughout the test. At the conclu- 
sion of each trial the prey items were examined for signs 
of predation. 

One set of 2 trials was run in October, 1973, with 2 
mature individuals of each species tested together. The 
procedure followed was similar to that for the single 
species tests. However, the second trial offered only a 
single type of prey. It was hoped that information on the 
interaction of the 2 species while feeding would be ob- 
tained. 

Also in October, 1973, a single experiment was run 
using mature individuals to determine the approximate 
feeding rate of both species. The test animals had been 
isolated and starved for at least 5 days to assure gut 
clearance and at least a minimal level of hunger. Three 
Triopha carpenteri were each given a cluster of 100 zoo- 
ids of Crista occidentalis, which seemed to be the prey of 
choice. Each 12 hours, percent prey consumed was esti- 
mated through examination, and fecal material was re- 
moved from the test area. At the end of the test retro- 
active calculation was made of the appearance of C. occi- 
dentalis fragments in the feces, stated as percent each 12 
hours. Mature 7: maculata were run for 2 series each 
with 4 test animals and 2 prey items. The procedure was 
as for T: carpenter. 


Fretp Stupies: Bryozoans 


Before the first set of preference tests began, it had 
become apparent from field data, the aforementioned 
literature citations and observations that bryozoans were 
at least one of the preferred prey groups These inverte- 
brates were abundant in the study area. OsBurN (1950 
to 1953) was used as the primary source in differentiating 
and identifying the species observed. By the 3"! or 4" 
month of study the common species could be identified 
in the field with a 15 lens. Initially, however, as the 
bryozoan population was surveyed, colonies were identi- 
fied alphabetically, with a sample being taken for later 
identification. It should be noted that, although Filzcrisia 
franciscana and Crisia occidentalis could be distinguished 
in the field and the laboratory, this was not consistently 
possible when they were examined in the fecal material. 
Hence, much of our results treats them together as “Cri- 
sia” or “Crisids.” 


The relative abundance of Bryozoa observed in the 
study area was assessed for the year of study. Sampling 
was by means of the point quarter method, chosen after 
careful consideration of the alternatives (Cottam, 1953; 
Cottam & Curtis, 1956; Greic-Smiru, 1964; McIn- 
TYRE, 1953). The sampling was done each month on one 
of the days of lowest tide. Four transect lines were laid 
parallel to shore. Prior to laying the lines, 10 sample 
points, chosen at random, were marked on each line. This 
gave a total of 40 points for each census, a figure which 
should give close to 90% accuracy in the calculation of 
density and other parameters (CoTTAM & CurtIS, op. cit.). 
Within each of the 4 quarters around each point, the 
distance from the point to the nearest colony was meas- 
ured as was the diameter of the colony (approximated 
for arborescent forms). Species and condition of the col- 
ony were also noted. 

A program was written for a Wang 700B calculator 
which generated figures for relative abundance and den- 
sity from the raw field data. 


RESULTS anp DISCUSSION 


FieLpD Stupy: Tropha 

Although no actual feeding was observed in the field 
until October, 1973, examination of the fecal matter 
indicated that Triopha carpenteri was feeding on the 
bryozoans Crista occidentalis or Filicrisia franciscana. Tri- 
opha maculata feces, on the other hand, revealed mainly 
mucous strands and amorphous materials (Table 1). The 
initial set of preference studies, however, indicated that 
the immature T: maculata would feed on encrusting bryo- 
zoans, removing only the polypides. Field observations 
suggested that both species took no prey other than bryo- 
zoans, and that interspecific differences in food prefer- 
ences did exist. 

In October, 1973, there seemed to be a fair number of 
mature individuals of both Tropha species in the study 
area. At that time 3 mature individuals of T: maculata 
were observed feeding, grazing on colonies of Membrani- 
pora membranacea located on fragments of Laminaria 
sp. In all 3 cases most of the colonies near the 7: maculata 
showed signs of predation, with only the outer ridge of 
the colony remaining. This seemed to be the result of the 
rasping action of the radula of the mature T: maculata as 
they fed. During the same set of low tides, 2 specimens 
of T: carpenteri were also found browsing on bryozoan col- 
onies, one on a colony of Caulibugula ciliata located on 
Egregia and the other in a patch of Crisia occidentalis 
intermixed with Dendrobeania laxa. When first noted, 
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Table 1 
Results of fecal examination of animals from the sample area! 
Triopha maculata Triopha carpenteri 
No. with No. with 
No. identifiable No. identifiable 
Date examined food Food examined food Food 
11/72 15 0 2 3 3 crisids3 
12/72 17 (0) 2 4 4 crisids 
1/73 6 0 2 1 1 crisids 
2/73 14 0 2 2 2 crisids 
3/73 7 0 2 2 2 crisids 
4/73 29 0 2 3 3 Caulibugula ciliata 
Bugula mollis 
5/73 7 0 0 0 No specimens 
6/73 12 0 2 2 2 Caulibugula ciliata 
Tricellaria sp. 
7/73 8 2 Bugula mollis 0 0 No specimens 
Caulibugula ciliata 
8/73 9 0 e 0 0 No specimens 
9/73 3 0 2 0 0 No specimens 
10/73 1] 10 Membranipora membranacea 7 7 Scrupocellaria californica 
Caulibugula ciliata crisids3 
Scrupocellaria californica Dendrobeania laxa 
Caulibugula ciliata 


'The order of listing each month represents relative frequency of appearance in feces. 
*Fecal material contained only mucous strands and some amorphous material. 
3Excreted fragments did not permit ready distinction between Crisia and Filicrisia. 


the second individual was actually feeding on the Dendro- 
beania laxa but completed feeding on the centimeter 
square area remaining in less than 5 minutes and proceed- 
ed to move toward a colony of C. occidentalis some 5cm 
away. The T: carpenteri was a particularly large speci- 
men and it took little effort for it to move from one col- 
ony to the next in this particular patch. Above the posi- 
tion of the T: carpenteri numerous stumps of crisid colo- 
nies were noted. The method of feeding of T. carpenteri 
characteristically seemed to leave the prey colony with 
few or no zooids left. We had previously noted that stumps 
of arborescent bryozoans were frequent in places where 
full colonies had been expected, but could not determine 
the extent to which this predation was assignable to T. 
carpenter. 

Subjective evaluation of bryozoan distribution sug- 
gested that the arborescent forms were more abundant 
in the deeper pools along the tidal channels and within 
the channels themselves. This was particularly evident 
for Crista occidentalis, Cauloramphus spiniferum and 
many of the ascophoran bryozoans that were more com- 


monly found in the smaller pools and away from the main 
channels. The under rock habitat was dominated by the 
encrusting forms. Membranipora mebranacea, however, 
seemed more common where there was more wave ex- 
posure, on Laminaria in the channels and the larger 
Gigartina in the pools. During the first months of study, 
the immature Triopha maculata were concentrated under 
rocks in the smaller pools. The T: carpenteri were all cap- 
tured either in the tidal channels or in the larger pools 
and along the channels under rock overhangs. No two 
individuals were ever observed in close proximity. Later, 
as mature specimens of T: maculata began to appear in 
the field, they also seemed to appear singly, often in the 
channels and larger pools. 

The distribution of Triopha carpenteri with respect to 
preferred substrate was difficult to ascertain as there 
were few specimens collected. The low number of mature 
T. maculata made evaluation difficult for them as well. 
Sufficient numbers of immature T: maculata were collect- 
ed to give a general idea of their preferred location with- 
in Zone 4. Most specimens were obtained in areas where 
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Gigartina, the corallines and the delesserious algae pre- 
dominated. The similarity of color of Gigartina, the de- 
lesserious algae and the T: maculata suggested a camou- 
flage tendency, but there were no additional field or 
experimental data to support this premise. It may be more 
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Figure 1 


Percent composition of a population of Triopha maculata at 
Asilomar State Beach 


Cumulative Percent 


N 


“|S DI FMAM J JAS O| 


1972 1973 
Months 


Figure 2 


Age class distribution over months of capture for Triopha maculata 
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significant, however, that Membranipora membranacea 
and Caulibugula ciliata are both common on the fronds 
of Gigartina. 

There was some question initially as to whether the 
immature Triopha maculata might not be a distinct spe- 
cies from those specimens classed as mature because of 
the difference in color pattern (Ferreira, personal com- 
munication; see also descriptions in Bertscu, 1971; Coc- 
KERELL, 1915; MacFarianp, 1905). 

Observations by the senior author over a 3 year period 
have shown, however, a progressive change in the col- 
oration of specimens with time such that various inter- 
mediate color forms can be observed. This change in 
coloration is correlated with change in size and strongly 
suggests that the color pattern is a function of stage of 
maturity of the animal. No small animals are ever found 
with the adult color pattern and similarly no large animals 
with the juvenile pattern. Transitional color patterns are 
found in animals of intermediate size. 

It should be noted that although individuals were ob- 
served to pass from the immature to transitional stage, no 
single individual was tracked throughout the passage from 
fully immature to fully mature coloration. The size and 
age distribution of Triopha maculata seemed to change 
through the year in a cyclical pattern (Figures 1 and 2). 
We conclude from these data that the different color 
patterns observed are of a single species, Triopha macu- 
lata. 

The animals observed in the field evidenced consider- 
able mobility and could cover an area of several square 
meters in a period of a few hours, an area which should 
provide for daily nutritional needs (based on observed 
feeding rate, see Table 3). Entire bryozoan tests were 
seldom obtained from Triopha maculata, while T: carpen- 
teri usually showed many complete tests, often in clusters 
of 2 to 6. 


SUBSTRATE PREFERENCE STUDIES 


The first substrate study (Table 2a) seemed to demon- 
strate a preference by Triopha maculata for Cauloram- 
phus spiniferum when compared to the % cover. How- 
ever, this was not a Statistically significant correlation 
(Spearman rank, r,=0.51, P>0.05). This lack of sig- 
nificance is probably due to high values for Eurystomella 
bilabiata and to the high number of specimens found off 
the rock. High percent occupancy values for E. bilabiata 
may be explained by its close intermixture with the colo- 
nies of C. spiniferum on the rock substrate. It was ob- 
served that the T. maculata moved along fairly constantly 
while on substrates other than the C. spiniferum but re- 
mained immobile on C. spiniferum for long periods at a 
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Table 2a 


Substrate preferences, series | 
Triopha maculata 


Substrate category % cover % occupancy 
Cauloramphus spiniferum 13 33 
Eurystomella bilabiata 5 16 
Crustose algae 5 2 
Arborescent, calcareous algae 2 1 
Schizoporella cornuta 6 2 
Haliclona sp. 1 ] 
Ascidians 18 1 
Other cover 20 7 
Off rock 38 

Table 2b 


Substrate preferences, series 2 


% occupancy 


Substrate category % cover 

Triopha Triopha 

maculata carpentert 
Encrusting Bryozoans 8 23 1 
Arborescent Bryozoans 6 Cy 36 
Ascophores 13 1 1 
Other fauna 20 1 1 
Coralline algae 14 1 1 
Delesserious algae 12 1 1 
Gigartina spp. 9 5 1 
Other algae 1 1 1 
Off rock 64 61 


time. Once the majority of tests in the colonies were 
emptied, as determined by direct examination, the rate 
of dispersion of the test animals was high, with 40% of 
the time being spent in parts of the aquarium other than 
the test substrate. The second study was slightly more 
revealing in showing the preferences of both species when 
together (Table 2b). Again these results are not statisti- 
cally significant (Spearman rank, r,—=—0.29, P>> 0.05), 
again probably due to the high percentage which did not 
occupy a substrate. The dispersal of the mature individu- 
als once the food items were depleted was even more 
rapid than for the immature individuals. Over 60% of 
the test time was spent off the study substrate and that 
was accumulated entirely after the first quarter of trial. 
During this trial there was some feeding by T: maculata 
on arborescent bryozoans. 


RATE OF FEEDING 


Experimental observations of feeding (Table 3) indi- 
cated mature Triopha carpenteri capable of consuming 
100 Crisia occidentalis in less than 12 hours. Based on 
field observations, this appears to represent a low value, 
as this is the size of a small colony. In separate observa- 
tions in the laboratory, 2 individuals of T: carpenteri ate 
6 average colonies in 24 hours. This probably represents 
a value closer to the true rate and is closer to the obser- 
vations in the field and during the preference tests. It 
appears to take only 36 to 48 hours for the prey remnants 
to clear the gut. Trcopha maculata consumption rates vary 
with type of prey (Table 3), but time to clear the gut 
was in line with field data and preference tests, about 30 
to 48 hours. Time to clear seemed shorter when encrusting 
prey were consumed. 


Table 3 
Rate of feeding 
Triopha Triopha Triopha 
carpentert maculata maculata 
on Cnisia on encrusting on arborescent 
occidentalis bryozoan bryozoan 
100% 
prey eaten 24 24 48 
(hrs.) 
100% 
clearance of 60 48 60 
gut (hrs.) 


Foop PREFERENCE TESTS 


The first three quarters of the study revealed consider- 
able differences in the food preferences of immature T7i- 
opha maculata and mature T: carpenter. Immature T. 
maculata seemed to feed only on species of Membrani- 
pora and Cauloramphus spiniferum. Mature T: carpentert 
consumed primarily Crista occidentalis, Scrupocellaria 
californica and Dendrobeania laxa. No affinity for or 
sign of predation on species other than bryozoans was 
shown by either Triopha species, nor was predation ob- 
served on any ascophoran bryozoans. The fourth quarter 
test employing all mature individuals showed some over- 
lap in prey accepted. The preferences of T: carpenteri 
did not change, but the mature T: maculata were taking 
many of the species which had previously been thought 
the prey solely of T: carpenteri. Analysis of the results of 
tests of the 2 species feeding together reinforced the con- 
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clusion from the separate feeding studies. Observations 
during the combined tests showed that individuals of the 
2 species would feed on the same prey item in close prox- 
imity when the item was of sufficient size. Whether this, 
in fact, ever occurs in the field is not known. Observations 
of animals while at large in the main tank or during 
the preference tests revealed a type of behavior in mature 
T. carpenteri which was suggestive of search behavior 
(Waters, 1966). The animals would lift the anterior 
portion of the body and turn _ it from side to side, then 
proceed. A modification of the food location and prefer- 
ence studies of Cook (1962) might be valuable in clari- 
fying the food location methods of both Tropha species. 

Neither species showed avoidance of any items offered 
during the preference trials other than expanded Coryn- 
actis californicus. 

No observations on the method of feeding were made 
during the preference studies, but observations of mature 
specimens of both species were made separately. Triopha 
carpenteri was observed while feeding on Crista occident- 
alis and Caulibugula ciliata. The mechanism was similar 
to those described by McBeru (1971) and Miiter (1967) 
in that entire groups of zooids were broken off the branch 
and ingested through the combined action of the sawing 
of the radula and pulling action by the radula and jaws. 
Once the section began to be ingested, the body of the 
animal would contract in synchrony with the inward 
movement of the radula. Branch sections were complete- 
ly taken in and a short delay period seemed to be usual 
before the next section was torn off. Mature T: maculata 
showed similarities to the feeding of Onchidoris fusca 
(Mitter, op. cit.) except that the polypides were not 
always taken cleanly out of the tests by the action of the 
radula and the pumping action of the buccal mass. Often 
fragments of the tests would be broken off and ingested 
along with the polypide. The observations for mature T. 
maculata were made while they fed on Caulibugula cili- 
ata. When mature individuals fed on Membranipora, the 
action seemed to be more a simple rasping of the zooids 
from the substrate with a sucking action to ingest the ex- 
posed polypides. 

No observations were made on the feeding mechanism 
of immature Triopha maculata, but it is probable that a 
sucking and pulling action is the method used, as the 
tests of the prey fed on by T: maculata remained intact 
and no hard parts were identified in the fecal material. 


ABUNDANCE OF BRYOZOA 


Figures 3 and 4 and Tables 5a, 5b and 5c summarize 
the pertinent data from the plotless sampling of the bry- 
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— — Membranipora membranacea & 
Cauloramphus spiniferum 
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Figure 3 


Density of selected arborescent and encrusting bryozoans at 
Asilomar State Beach over a one year period 
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Density of the lesser abundant anascid bryozoans at 
Asilomar State Beach over a one year period 
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ozoan populations in the field. Table 5c indicates the 
relative abundance of Bryozoa known to be prey items, 
and Tables 5a and 5b summarize the relative abundances 
of the prey items in comparison to the whole bryozoan 
population. 

Several things can be noted in these data. In the first 
place the crisids were relatively uncommon throughout 
the year, but reached peaks in abundance in fall and 
winter. They were absent from the sampling area in the 
summer (Figure 3, Tables 5a, 5b). The other anascid 
prey species, Caulibugula ciliata, Tricellaria sp. and Bu- 
gula mollis were also most abundant in fall and early 
winter, but reached their lowest ebb in late winter and 
spring (Figure 4). They were, in other words, present in 
summer when the crisids were absent. Secondly, the en- 
crusting prey fed upon by Triopha maculata, while show- 
ing fluctuations in abundance over the year, were always 
more abundant than the arborescent forms (Figure 3). 
Although Membranipora membranacea seemed to be the 
preferred food of T: maculata, the experimental results 
(Table 4) also indicated that T: maculata had a higher 
affinity index for Cauloramphus spiniferum and would 
consume 100% of them. It appears then that prey abund- 
ance for T: maculata is high throughout the year. 

If we can assume that the measured abundances repre- 
sent a real situation, then it is easier to explain the 


Table 4 


Food preferences: experimental results 


Prey species Affinity index! % consumed 


Triopha maculata 


Membranipora membranacea 6.6 100 
Cauloramphus spiniferum 7.4 100 
Caulibugula ciliata 2.5 70 
Tricellaria sp. Bee) 50 
Bugula mollis 2.9 37 
Crista occidentalis 2.9 37 
Scrupocellaria californica Dal 28 
Triopha carpenteri 
Crisia occidentalis 3.4 100 
Scrupocellaria californica 3.4 100 
Dendrobeania laxa 3.3 100 
Caulibugula ciliata 3.5 90 
Tricellaria sp. 3.5 90 
Bugula mollis 3.2 80 


Figures reflect data averaged from four test series; species not 


listed were not eaten during tests. 


Sie # times Triopha on item 
b TERSSOVEEG NGO? Se 


(# check.times) (10) 


more catholic diet of Triopha maculata and the more 
diverse diet of T. carpenteri. Since the preferred food of 
T. carpentert fluctuates markedly, is occasionally not pres- 
ent, and has a markedly lower year around abundance as 
a whole than the encrusting Bryozoa fed upon by T. ma- 
culata, it is necessary for T: carpentert to constantly 
switch food items over the year. It would not be good 
strategy to search for the preferred crisids in summer 
when they are very rare or absent. Similarly, the other 
anascids should not be searched for in late winter when 
they are absent. To survive, then, T: carpenter must feed 
on a fairly wide variety of prey. Triopha maculata, by 
contrast, feeds on 2 genera, Membranipora and Caulo- 
ramphus, and is able to maintain this narrow niche 
because of the relatively high abundance of both all year. 
At no point would foraging strategy seem to necessitate 
a change in diet. The fact that the identified food items 
in fecal matter of wild caught T: maculata was equally 
split between Membranipora membranacea and Cauli- 
bugula ciliata, an arborescent form, suggests, however, 
that if necessary this species can switch to foods of lower 
preference. It should also be remembered that almost all 
of those with Caulibugula ciliata were taken at one time 
(October) and were very large animals (mature), where- 
as preference study animals were all immature. It is 
thus still possible that switches occur in diet as animals 
grow older. 


GENERAL DiscussION AND CONCLUSIONS 


We have summarized the relative appearance of vari- 
ous prey species from both the fecal material and the lab- 
oratory preference tests in Table 6. Both field and labora- 
tory data for Triopha carpentert indicate similar relative 
preferences. Filicrisia franciscana and Crisia occidentalis 
appeared to be the prey of choice (these are lumped in 
Table 5 due to inability to tell them apart in feces). These 
were followed in order of preference by the arborescent 
anascid bryozoans. Similar prey choices were reported 
by Mirter (1967) and McBetH (1971). Except for 
Dendrobeania laxa, which is an appressed, strap-like 
form, all are bushy arborescent Bryozoa. The observed 
buccal anatomy of T, carpenteri would seem appropriate 
for this type of prey (see MILLER, op. cit.). Triopha car- 
penteri has a broad, grooved radula and marginal teeth 
which are numerous, fairly long, sharp and strongly 
hooked. The esophagus is relatively long and straight 
with a definite pharyngeal bulb (Ferreira, personal com- 
munication; MacFarianp, 1905, 1966). Although the 
crisids were the prey of choice throughout the year, during 
the months of lower crisid abundance (Figure 3), T. car- 
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Table 5a 
Bryozoan survey results: % cover for total population 
Density/ %o o %o So %o Mean 
Date m2 cover/m?2 crisids encrusting shared non-edible basal area 
11/72 36 1.2 5.6 26.8 7.6 60.0 3.4 cm? 
12/72 55 2.0 11.3 15.9 12.8 60.0 3.5 
1/73 50 1.5 5.6 25.8 4.3 64.3 3.0 
2/73 27 0.6 2.4 21.8 3.0 72.8 2.0 
3/73 25 0.5 2.4 26.0 0.0 71.6 2.0 
4/73 18 0.3 0.6 23.5 11.8 64.1 1.9 
5/73 29 0.5 2.0 24.1 15.4 58.5 1.9 
6/73 31 1.2 0.0 28.2 13.3 58.5 3.8 
7/73 34 0.6 0.0 31.7 13.6 54.7 1.9 
8/73 15 0.3 0.6 34.3 10.5 54.6 2.2 
9/73 28 0.6 2.0 26.2 Wie? 54.6 ne 
10/73 79 4.6 6.2 26.8 22.7 50.3 5.9 
Table 5b 
Table 5c 


Bryozoan survey results: 
relative abundance of prey species 


Relative abundance of bryozoans taken as prey! 


# %o %o Yo To 

Date colonies _ cover! crisids encrusting other prey 
11/72 53 40.0 14 67 19 
12/72 63 40.0 28 40 32 
1/73 57 35.7 16 72 12 
2/73 45 35.0 9 80 11 
3/73 48 30.0 8 92 0 
4/73 63 39.3 2 65 33 
5/73 45 28.1 5 58 37 
6/73 66 41.3 0 68 32 
7/73 71 44.3 0 70 30 
8/73 75 46.8 1 71 29 
9/73 72 44.9 8 58 34 
10/73 64 41.2 15.2 44 4] 


Relative to the total percent cover of all Bryozoa. 


penteri seems to turn to the more readily available anas- 
cids (Tricellaria, Scrupocellaria, Caulibugula). This sea- 
sonal shift accounts for the bulk of the appearance of 
non-crisid remains in the feces of field collected animals 
(Table 1). No statistical analysis was possible relating 
seasonal abundance with variation in relative preference 
due to the small numbers involved, but the absence, or 
virtual absence, of crisids in certain months (Figure 3) 
suggests that the animals must switch to other Bryozoa 
since they are still present as documented by the senior 
author’s finding them during 3 years in his study area. 
There is no significant correlation between the relative 


Average cover 


Species (cm?/m?) s Sx 
Membranipora membranacea 8.99 4.73 LSH7/ 
Cauloramphus spiniferum 13.86 14.06 4.06 
Caulibugula ciliata 7.63 17.89 5.16 
Crisia & Filicrisia 5.96 9.67 2.79 
Bugula mollis 4.24 4.23 122 
Scrupocellaria californica 2.89 8.26 2.38 
Tricellaria sp. 1.0 
Dendrobeania laxa 2 


—————————————————————— 
‘Average of monthly values. 


*First discovery in field occurred after survey format was estab- 
lished. Subjectively rate as being uncommon in study area. 


abundance of crisids in the field (Table 5c) and the rela- 
tive abundance in the diet over the year (Spearman 
rank, r,=0.39, P > 0.05). This lack of correlation is likely 
due to this seasonal switching which masks the prefer- 
ences when averaged over the year. The reasons for the 
preference of crisids is not clear, but the structure of 
crisids might possibly yield greater net energy gain for 
work expended in feeding and digestion since they are 
porous, easily broken and present no apparent formidable 
defenses (RyLtanp, 1970). Also, both the crisids and 
Dendrobeania laxa when they occur, seem to appear in 
large patches, thus lowering search time (PULLIAM, 1974). 
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The food preferences for Triopha maculata, based on 
the field data, may not be reliable due to the infrequent 
appearance of prey fragments in the feces. This is prob- 
ably an unavoidable product of the feeding method of 
T. maculata, particularly in the immature individuals. 
Mature T. maculata have a radula similar to that of T. 
carpenteri, but with fewer rows. The marginal teeth are 
less numerous, heavier and not so sharp as those of T: 
carpenteri (Ferreira, personal communication; MacFar- 
LAND, 1966). The esophagus is short and curved, with a 
strong pharyngeal bulb (MAcFarRLAND, op. cit.). These 
anatomical findings would suggest a feeding mechanism 
somewhat different from that of T: carpentert (see Mit- 
LER, 1967). 

As with Triopha carpenteri, there was no significant 
correlation between the relative abundance of prey spe- 
cies in the feces of T: maculata and the relative abund- 
ance of those Bryozoa in the field (Spearman rank, r, = 
0.50, P > 0.05). This is because most of the field animals 
that contained identifiable prey contained Caulibugula 
ciliata, which is not a preferred species and is low in 
abundance. However, most field animals did not contain 
identifiable food because of T: maculata’s feeding mech- 
anism. Had it been possible to identify all gut material, 
perhaps a correlation would exist. 

As noted previously, more prey species are taken with 
increase in size and age of Triopha maculata. A similar 
change in food with age has also been documented for 
Dendronotus frondosus (THompson, 1964). Immature 
animals were observed to feed only on the 2 encrusting 
species, Membranipora membranacea and Cauloramphus 


spiniferum, while mature individuals seemed able to uti- 
lize many of the anascid prey available (Table 6). Slides 
of radulae of T: maculata prepared by Gary McDonald 
of the Moss Landing Marine Laboratories and studies by 
Ferreira (personal communication) show that as T. ma- 
culata matures, the radular configuration changes. The 
number of marginal teeth changes from 1 in small speci- 
mens to 4 to 8 in mature individuals, and there is a cor- 
responding change in the entire radular formula. MILLER 
(1967) indicated that the use of the marginal “hooks” 
is important in grasping branching prey forms, and it is 
just this feature which changes most markedly in T. ma- 
culata. The essential structures for feeding on the arbor- 
escent forms appear in the adult, allowing it to exploit 
both arborescent and encrusting prey available, and po- 
tentially to compete, at least partially, with T: carpentert. 

No data were available either from literature or from 
this study to suggest any change of prey type or radular 
configuration with age or size in Triopha carpenteri, but 
such change cannot be ruled out because we found no very 
small T: carpenteri during this study. 

At the time Triopha maculata appear to begin taking 
arborescent prey, we were unable to obtain specimens of 
T. carpenteri for gut analysis. Significantly, we also lack 
data on the food choices or feeding behavior of immature 
T. carpenteri. Based on knowledge of the time of occur- 
rence of the small individuals and the studies on the juve- 
niles, we can say that T: maculata feeds primarily on en- 
crusting prey groups during the late winter, spring and 
summer, the period of lowest crisid and anascid abun- 
dance (Table 5a), while T: carpenteri diversifies its prey 


Table 6 
Summary of preferences 
Preference based % of Preference based on % 
on gut content feces experimental tests eaten 
Triopha maculata Caulibugula ciliata 46 Membranipora membranacea 100 
Membranipora membranacea 31 Cauloramphus spiniferum 100 
Cauloramphus spiniferum 10 Caulibugula cihata 100 
Scrupocellaria californica 9 Tricellaria sp. 50 
Bugula mollis 8 Bugula mollis 37 
Crisia occidentalis 37 
Scrupocellaria californica 28 
Triopha carpenteri Crisia & Filicrisia 53 Crista & Filicrista 100 
Scrupocellaria californica 15 Scrupocellaria californica 100 
Dendrobeania laxa 12 Dendrobeania laxa 100 
Caulibugula ciliata 112) Caulibugula ciliata 90 
Tricellaria sp. 3 Tricellaria sp. 90 


Bugula mollis 


3 Bugula mollis 80 
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choices during this same period. These data, combined 
with the low preference of 7. maculata for crisids 
(Table 4), suggest that during the period of poten- 
tially greatest competition, competition is minimized 
in 2 ways. In the first place, few larger T: maculata 
are present because of the peculiarities of the repro- 
ductive cycle, and the large number of juveniles 
appear to eat only the encrusting Membranipora and 
Cauloramphus. Secondly, T. carpenterr enlarges its 
food niche and takes other anascid Bryozoa. Finally, 
in the fall when T: maculata is large and could feed on 
anascids, anascid abundance reaches a peak, decreasing 
competition. The important question of potential compe- 
tition between immature individuals of the 2 Triopha 
species must, however, remain open pending acquisition 
of sufficient data on immature T: carpentert. 

Using the order of preference from the experimental 
data (Table 6), the observed preferences of the 2 Trio- 
pha species were tested for statistical correlation. The 2 
sets of preferences showed a significant negative correla- 
tion (Spearman rank, r: = — 0.76, P < 0.05), indicating 
that the food preferences are different. Hence, there does 
not seem to be significant competition for food resources 
between T. maculata and T. carpenteri, where sufficient 
choice is available and if one considers the whole year. 
Competition may occur, however, during the time of 
low crisid abundance. 

Based on fecal analysis of wild caught specimens it is 
possible to calculate a niche breadth for each species as 
well as an overlap index. The niche breadth is 1/B of 
Levins (1968) and the overlap index is R, of Horn 
(1966) and C, of Levins (op. cit.). The niche breadth 
for Triopha carpenteri is 3.23, only slightly larger than 
that for T: maculata which is 2.87. The overlap values are 
low (R,==0.393; C,—0.22), indicating little competition 
for food as was expected based on the previous test for 
correlation among preferences. 


SUMMARY 


The present study was undertaken to assess the degree 
to which competition might be occurring for food re- 
sources between Triopha maculata and T.: carpenteri in 
the rocky intertidal zone of the Monterey Peninsula, Cali- 
fornia. Over a year’s time field and laboratory studies 
generated data which indicated that these two species 
preferred to feed on different bryozoan species and that 
significant competition for food seemed not to be occur- 
ring. 
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Notes on Rodboastra gracilis (Bergh, 1877) 


(Nudibranchia : Doridoidea : Polyceridae) 


Obtained from Seto, Kii, Middle Japan 


KIKUTARO BABA 


Shigigaoka 35, Minami-11-jyo, Sango-cho, Ikoma-gun, Nara-ken, Japan 


(5 Text figures) 


THIS PAPER IS an attempt to give some supplementary 
information concerning the colors and radulae of Robo- 
astra gracilis which was previously recorded by me as 
Nembrotha gracilis from Sagami Bay, Japan. 


Roboastra gracilis (Bergh, 1877) 
(Japanese name: Ryugu-umiushi) 
(Figures 1 - 5) 


Synonymy: 
Nembrotha gracilis Bergh, 1877: 458-461; plt. 56, figs. 11-17. 
— Philippines. Baba, 1949: 42, 136; plt. 13, fig. 45; text 
fig. 39. — Sagami Bay 
? Roboastra gracilis. Burn, 1967: 215-218; figs. 1-3. - New 
South Wales 


Distribution: Philippines (the type locality) and Aus- 
tralia (?). In Japan this species occurs in Sagami Bay; 
Seto, Kii and Yoron Island of the Amami Islands (col- 
lector: Mr. I. Hamatani). 


Material Examined: In all 3 specimens collected from 
Seto, Kii, 20 May 1950; 9 June 1952; and 22 September 
lOSye 


Description: The animals are small, measuring 10 to 15 
mm in length. The body above is purplish black overlaid 
with longitudinal orange yellow stripes which number 2 
in the median part of the back between the head and the 
branchiae, 2 in the lateral parts of the back between the 
rhinophores and the rear of the branchiae, 1 around the 
margin of the mantle and 3 to 4 on the sides of the body. 


Figure 1 


Roboastra gracilis (Bergh, 1877) 


from Seto, Kii, Japan 


Living animal, collected May 20, 1950 


a — stripes in the.median part of the back 
b — stripe in the lateral part of the back 


c — stripe on the mantle margin d — stripes on the body side 
y — part of the orange yellow stripe 


Vol. 19; No. 3 


THE VELIGER 


Page 291 


Figure 2 


Roboastra gracilis (Bergh, 1877) 


The same animal showing the disposition of the stripes on the back. 
Letters as in Figure 1 


Figure 3 


Roboastra gracilis (Bergh, 1877) 


The same animal showing the right half row of the radula =X 320 
a — central tooth b — 1° lateral tooth 
c — outer lateral tooth 


These stripes are seemingly discontinuous, and bear serial 
lines of corrugation respectively. They tend to converge to 
the tip of the tail. The oral tentacles, rhinophores and 
branchiae are deep blue. The margin of the foot and the 
sole assume a blue or greenish blue tinge. The canaliculate 
oral tentacles are prominent. The branchiae consist of 3 
to 5 simply pinnate plumes. 

The labial armatures are absent. The radular formula 
in a specimen collected on 20 May 1950 is 18 K 1-1-1- 
1-1. The tricuspidate central tooth is weak and similar 
in form to that of the type of the species (see also Basa, 
1949: text fig. 39). The radular formula in a specimen 
collected on 9 June 1952) is 25 <2. 1 = 1-1-2. Here 
the central tooth is comparatively stout in constitution, 
and provided in an unusual case with a greatly projec- 
ting median cusp. The 1* lateral tooth in 2 specimens 
dissected is typically bicuspidate at the tip. The outer 
lateral teeth are decreased in number. 


Remarks: My specimens are similar to Nembrotha gra- 
cilis as described by Bergh from preserved material, in the 
general arrangement of the longitudinal stripes on the 
back and sides (especially in the disposition of the stripes 


Figure 4 
Roboastra gracilis (Bergh, 1877) 


Right half row of the radula of the animal in Figure 5 xX 580 
a — normal central tooth from the distal end of the radula 

aa — abnormal central tooth from the proximal end of the radula 

b — 1 lateral tooth c — outer lateral teeth 
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Figure 5 


Roboastra gracilis (Bergh, 1877) 


from Seto, Kii, Japan Living animal, collected June 9, 1952 
Letters a-d as in Figure 1 


between the rhinophores and the rear of the branchiae), 
and in the configuration of the radular teeth, and thus 
they are identified with that species. However, they are 
ascertained to differ from the type of the species by pos- 
sessing a double stripe, not a single one as the type, in the 
median part of the back. A further study on living speci- 
mens of the species from the type locality is therefore 
awaited to answer the question suggested above. 
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Central Province Shellfish Resources and their Utilisation 


in the Prehistoric Past of Papua New Guinea 


PAMELA SWADLING 


University of Papua New Guinea 


(4 Text figures) 


INTRODUCTION 


SHELLS, BROKEN POTTERY and worked stone show that 
many Central Province beach fronts, hillslopes and ridges 
were once occupied by human settlements. While many 
of these abandoned villages were occupied in traditional 
times, there are others whose history is not known. Certain 
of these old sites have now been excavated by archaeolo- 
gists. The radiocarbon readings made from charcoal out 
of their old fireplaces show some to be 2000 years old. 
Hence edible and other molluscs have been gathered from 
along Central Province shores from before the time of 
Christ until now. This finding demonstrates that shellfish 
have been a long valued and viable natural resource in 
this area. 

In the past it is unlikely that the available natural 
resources were placed under such continuous pressure as 
they are today. Towards the end of the 19" century 
coastal settlements in the vicinity of Port Moresby varied 
greatly in population. Some were only small groups of 
a few houses, whereas others consisted of up to 120 dwel- 
lings (TurNER, 1878). Today most settlements in 
the Port Moresby area are experiencing a rapid popula- 
tion increase. For instance, Pari village appears to have 
increased from about 140 persons in 1910 to about 650 
in 1961. Its present population is in the order of 1400 
people (I. Maddocks, U. P. N. G., personal communica- 
tion, 1974). Unfortunately this population increase and 
its associated rise in demand has made shellfish a deli- 
cacy for many of Port Moresby’s coastal residents. Some 
beds, such as those of Atactodea striata (Gmelin, 1791) 
along Ela Beach are said to be virtually depleted (W. 
Dihm, Vabukori village, personal communication, 1974). 
The consequence is that tinned fish is now being bought 
to fulfill a need previously met by local shellfish resources. 


THE DISTRIBUTION or EDIBLE SPECIES 
ALONG THE CENTRAL PROVINCE COASTLINE 


All shellfish species have certain food and substrate re- 
quirements. Each species thrives best where these condi- 
tions are met. Thus the edible shellfish found along any 
specific stretch of coastline are a reflection on the existing 
environmental conditions. 

The coastline in the immediate vicinity of Port Moresby 
is indented by numerous embayments. Steep hills form 
bold promontories and coastal headlands which are 
fringed by reefs that are generally less than 100m wide. 
Between the headlands are smaller coastal bays lined 
either with sandy beaches or dense mangrove swamps. 
The fringing reefs associated with these bays often ex- 
tend more than 1km. Offshore are a number of islands. 
Some are located on an enormous east-west trending 
barrier reef system. 

Large coastal fringing reefs are restricted from Lealea 
to Bootless Inlet in the Port Moresby area (Figure 1). 
East of Bootless Inlet until Mailu Island the coastline lacks 
offshore islands and extensive fringing coastal reefs. Estu- 
arine systems occur at Hood Lagoon, Marshall Lagoon 
and Abau; otherwise, sandy beaches line the shore and the 
discontinuous barrier reef is ribbon-like in nature. 

West of Port Moresby from Kido to Galley Reach and 
also further west in Hall Sound are broad tidal flats 
with dense mangrove communities. Open sandy beaches 
are present along the Hisiu coastline and further west 
at Waima. A narrow fringing coral reef extends from east 
of Cape Suckling to Delena and Yule Island. 

The widely extending coral reef platforms found in the 
Port Moresby area provide an extensive intertidal zone 
where herbivorous molluscs can feed. The most gathered 
herbivorous molluscs are members of the Strombidae and 
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Figure 1 


Central Province Coastline 


Neritidae families. Some filter feeders are also found. The 
small Atactodea striata, for instance, is found in the lower 
beach sand of sheltered bays. On the narrow fringing 
coastal reef east of Port Moresby Anadara antiquata (Lin- 
naeus, 1758) is the main food species found. In the man- 
grove areas Geloina coaxans (Gmelin, 1791) and Tele- 
scopium telescopium (Linnaeus, 1758) predominate. The 
open sandy beaches are considered to be barren of edible 
species. 

The extent to which environment influences distribution 
is evident when a comparison is made of the species 
gathered in areas with different natural environments. 
This contrast is apparent in Tables 1 and 2. The species 
gathered from the sheltered, silty, mostly mangrove 
clothed shores around Delena are with few exceptions 


very different from those from the more extensive rocky 
and coral reef coastline at Pari. 


TRADING SHELLFISH 
TO OFFSET 
THE NATURAL DISTRIBUTION PATTERN 


The uneven distribution of certain culturally important 
shellfish along the south Papua coast has undoubtedly 
played a part in past trading networks. The high value 
attached, for instance, to cone shell ornaments along the 
south Papuan coast must not only relate to their beauty, 
but also to the natural scarcity of large cones even in 
favourable areas. Being at the apex of the food chain 
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Table 1 


Main Species Gathered For Food at DELENA 


Bivalves 
Geloina coaxans (Gmelin, 1791) 
Anadara granosa (Linnaeus, 1758) 


Anodontia philippiana (Reeve, 1850) 


Codakia punctata (Linnaeus, 1758) 
Gafrarium tumidum Réding, 1798 
Lucina corrugata Deshayes, 1843 
Placuna placenta (Linnaeus, 1758) 
Tapes literata (Linnaeus, 1758) 


Gastropods 


Strombus canarium Linnaeus, 1758 
Nerita species 


Table 2 


Main Species Gathered For Food at Parr 


Bivalves 


Gastropods 


Anadara antiquata (Linnaeus, 1758) Strombus luhuanus Linnaeus, 1758 


Asaphis violascens (Forskal, 1775) 
Atactodea striata (Gmelin, 1791) 


Strombus gibberulus gibbosus Réding, 1798 
Strombus urceus Linnaeus, 1758 


Gafrarium tumidum (Réding, 1798) Lambis lambis (Linnaeus, 1758) 
Hippopus hippopus (Linnaeus, 1758) Littorina scabra (Linnaeus, 1758) 


Tridacna crocea Lamarck, 1819 
Tridacna maxima (Réding, 1798) 
Tridacna squamosa (Réding, 1798) 


they feed on worms, other molluscs and some even kill 
and eat small fish. The lack of a reef platform along the 
Gulf Province coast, a situation which continues as far 
as Yule Island, means that cones and other reef dwelling 
species are absent. Even at Delena, where the reef begins, 
cone shells are seldom found and then only in deep water. 

At the beginning of this century, Seligman observed 
that toea, armshells made from large cone shells such as 
Conus leopardus Roding, 1798, were traded to Port 
Moresby communities from the east. Many of these toea 
had an ultimate origin in the vast expanse of archipelagos 
and reefs of the Milne Bay Province. They reached the 
Port Moresby area after a large number of successive 
trading exchanges. These imported toea, along with those 
made by the Motuans from shells found on the Port 
Moresby reefs, apart from being an important part of 
brideprice, were used as an item of exchange during or- 
ganised trading expeditions to the Gulf called hiri. If 
large enough for an armband, each toea was considered 
payment for 110 - 350kg of sago; whereas a large cooking 
pot would get about 40kg and a small one 20kg (Barton, 
1910: 115). Today the Mailu continue to bring toea 
made from Milne Bay cone shells to Port Moresby, where 
these armshells still play an important part in brideprice 


Nerita species 
Turbo crassus Wood, 1828 


transactions (P. Hetyey, U. PN. G., personal communica- 
tion, 1974). 

Apart from ornamental shell, edible shellfish were also 
traded. Evidence that this occurred in the prehistoric past 
is the material found in archaeological sites. The Obu 
archaeological site, for example, is inland from the open 
Hisiu sandy shore. The shellfish species found in the mid- 
den come from mangrove and coralline or rocky shores. 
The main species found were Anadara granosa (Linnaeus, 
1758), Geloina sp., Telescopium telescopium, Neritina 
ziczac (Sowerby, 1819), Strombus luhuanus, Nerita undata 
Linnaeus, 1758 and Planaxis sulcatus (Born, 1780) 
(Specut, 1974: 49). The nearest mangrove area where 
the first 4 species could have been obtained is 13km to 
the east. Another example of such trade is the presence of 
marine species in the Nebira 4 midden, some 16km in- 
land from the Port Moresby coast (ALLEN, 1972: 122- 
123). Trade in edible species continues today. Geloina 
coaxans and Telescopium telescopium are common items 
in Port Moresby markets. Most originate from the Galley 
Reach area to the west. In the Hall Sound area Delena 
villagers continue to trade G. coaxans with the inland 
dwelling Mekeo for agricultural produce and lime made 
from previously bartered shells. 
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A LONG-TERM VIEW or SHELLFISHING 
ON THE PARI-TAURAMA SHORELINE 


The distribution of shellfish at Pari varies along the 
coastline. The areas where there are good beds or con- 
centrations of certain shellfish are well known and named 
‘by the local residents. This is demonstrated in Figure 2 
which shows the main Pari shellfishing areas and the 
species most frequently gathered at each. 


o Strombus luhuanus 


A Anadara antiquata 


A Nerita sp. 
= crab 


@ Asaphis violascens 

@ Atactodes striata 

4 Gafrarium tumidum 

() Littorina scabra 

O Strombus gibberulus gibbosus 
@ Strombus urceus 

24 Turbo crassus 
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Archaeological material from the next bay east of 
Pari indicates that the main Pari species, with few ex- 
ceptions, have maintained their present position for the 
past 2000 years. The species found in Taurama middens 
are listed in Table 3. The most successful being Strombus 
luhuanus, Nerita albicilla, Strombus gibberulus gibbosus, 
Nerita polita, Turbo crassus, Nerita undata and Lambis 
lambis amongst the gastropods; with Anadara antiquata, 
Atactodea striata, Gafrarium tumidum, Asaphis violas- 
cens and Tridacna species being the most important bi- 


Taurama 


archaeological 


site 


Figure 2 


Main Pari Shellfishing Areas 
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Table 3 


Shellfish species in Taurama archaeological site 


Excavation levels of square AJA/7x 
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Herbivorous Molluscs 1 


ou 


Strombus luhuanus Linnaeus, 1758 5 4 
Nerita albicilla Linnaeus, 1758 2 2 
Strombus gibberulus gibbosus(R6ding.1798)| 1 1 
1 1 
] ] 
1 ] 
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— — bo 


Nerita polita Linnaeus, 1758 
Turbo crassus Linnaeus, 1758 
Nerita undata Linnaeus, 1758 
Lambis Lambis (Linnaeus, 1758) 
Cypraeidae species Dba 
Clypeomorus moniliferus (Kiener, 1841) 3 
Trochidae species 
Littorina scabra (Linnaeus, 1758) 1 ] 
Planaxis sulcatus (Born, 1780) 
Turbo cinereus 1 ] 3 
Cerithium species 1 

Nerita squamulata Le Guillou, 1841 ] 
Monodonta labio (Linnaeus, 1758) ] 1 
Trochus niloticus Linnaeus, 1767 
Cerithium nodulosum Bruguiére, 1792 
Nerita planospira Anton, 1839 

Strombus labiatus labiatus (R6ding, 1798) 
Nerita plicata Linnaeus, 1758 

Strombus aurisdianae Linnaeus, 1758 
Trochus maculatus Linnaeus, 1758 
Angaria delphinus (Linnaeus, 1758) ] 1 

Cerithium aluco (Linnaeus, 1758) 1 1 

Tectus pyramis (Born, 1778) 1 ] 
Strombus canarium Linnaeus, 1758 ] 

Strombus lentiginosus Linnaeus, 1758 1 

Strombus urceus urceus Linnaeus, 1758 1 
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PREDACEOUS MOLLUSCS 1 2 3 5 6 7 8 COPS Sala TS Ge 1819 20n 21 


Conidae species 1 1 1 1 1 1 1 1 
Polinices melanostomus (Gmelin, 1791) 
Mitridae species 
Conus marmoreus Linnaeus, 1758 1 1 ] 1 1 1 
Cymatiidae species 1 
Murex torrefactus Sowerby, 1841 1 ] 1 
Cymatium muricinum Réding, 1798 1 1 
1 
1 
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Cantharus fumosus Dillwyn, 1817 
Murex permaestus Hedley, 1915 
Vasum turbinellus (Linnaeus, 1758) 
FILTER FEEDING BIVALVES lo BB 4 
Atactodea striata (Gmelin, 1791) See A Ais, 
4 eI 
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Anadara antiquata (Linnaeus, 1758) 
Gafrarium tumidum (Réding, 1798) 
Chama reflexa Reeve, 1846 
Periglypta puerpera (Linnaeus, 1771) ] 
Asaphis violascens (Forskal, 1775) 1 1 1 
Barbatia species 1 1 
Crassostrea commercialis 

(Iredale & Roughley, 1933) 
Davila plana (Hanley, 1843) 
Saccostrea echinata (Quoy & Gaimard, 1834) 
Latona faba (Gmelin, 1791) 
Pycnodonte hyotis (Linnaeus, 1758) 1 1 esa 
Geloina coaxans (Gmelin, 1791) 1 1 1 
Mytilidae family 1 
ALGAL SymproTic & FILTER FEEDING BIVALVES 
Tridacna species 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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valves. The great diversity of less abundant species is also 
evident. 

Two of the most frequently gathered molluscs at Pari 
are Strombus luhuanus and Anadara antiqua. In order 
to gain a long-term view of shellfishing on the Pari-Tau- 
rama coral reef the prehistoric and present day popula- 
tions of these 2 species are examined below. Strombus 
luhuanus and A. antiquata were chosen because their dif- 
fering diets and habitats meant that any comparable 
changes found in the nature of their gathered populations 
over a period of time would more likely be due to human 
predation than environmental changes in food supply or 
substrate. 

The Pari Strombus luhuanus beds offshore at Konekone, 
Garogarona and Boiourena are now said to be well fished. 
Apart from the personal observations of people who are 
familiar with the area and its resources, the existence of 
considerable exploitational pressure on the S. luhuanus 
beds is evident from the shells themselves. 

The morphological nature of the shells being gathered 
from Garogarona, for instance, demonstrate all the chan- 
ges associated with heavy human exploitation. Shellfishing 
has produced a consistent mortality of the large and 
mature individuals within the population which is far 
higher than usual for the species. Hence the population 
shows a marked reduction in age range and overall size. 
The younger age classes are now dominant because of the 
heavy level of exploitation. This is evident when the 


pov 15 
Juvenile Youthful 
Thin lipped Thin lipped 


length range and presence of juvenile characteristics (2. é., 
absence of lip thickening, fluting on outside whorl, pres- 
ence of columellar folds and absence of siphonal notch 
(Figure 3) ) in the lightly exploited population from the 
bed east of the sandspit on nearby Motupore Island (The 
University of Papua New Guinea Research Island), 
which is gathered by only one family, is compared with 
that of the heavily exploited Garogarona bed (Figure 4). 
The bimodal curve of these 2 populations is probably due 
to sexual dimorphism. In the Strombidae, male shells are 
usually smaller than females (Apzott, 1960: 33). When 
gathering thins out a dense population, thereby increasing 
the supply of food for the remaining individuals, a corre- 
sponding increase in the growth rate allows these favoured 
individuals a greater size while still exhibiting juvenile 
features. This phenomenon would explain the distribution 
of juvenile traits in the Motupore population shown in 
Figure 4. 

In archaeological samples of Strombus luhuanus the 
presence or absence of lip thickening was found to be the 
most reliable observation. It is very difficult to accurately 
record siphonal notch development in thin-lipped indi- 
viduals as the lip is often broken, and observations of 
columellar folds and fluting can be unreliable in badly 
corroded specimens. 

The following observations were taken into considera- 
tion when examining the modern Strombus luhuanus pop- 
ulations and those from the archaeological deposits; shell 
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Figure 3 


Developmental Stages in Strombus luhuanus 
(from Swab.inc, no date: a) 
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Table 4 


Nature of modern and prehistoric populations of Strombus luhuanus. Linnaeus. 1758 


Sample Shell % pop. 45mm + % pop. with lip 
number length in length thickening 
MODERN 
Motupore Is. 100 light exploitation 45-59 100 94 
Garogarona 100 heavy exploitation 36-48 17 48 
PREHISTORIC excavation level 
Taurama Excavation 100 1 32-56 55 79 
70 2 36-52 37 52 
30 3 36-50 33 57 
100 4 34-55 al 79 
100 5 30-55 49 56 
59 6 38-51 40 70 
29 7 38-52 4] 63 
15 8 39-50 33 67 
20 9 35-47 25 60 
16 10 34-52 31 75 
15 11 33-52 40 54 
31 12 29-54 33 58 
70 13 31-52 32 58 
36 14 31-57 30 39 
39 15 34-57 35 49 
14 16 35-58 64 43 
22 18 33-54 27 50 
31 19 29-54 22 46 
29 20 34-54 20 32 
9 21 34-43 0 12 


base of site 


(no sample was available for excavation level 17) 


length, the percentage of the population 45mm-+ in 
length and the percentage with lip thickening (Table +). 
The maximum lengths found in archaeological sites at 
Taurama and Motupore Island suggest that there are no 
great environmental differences in growth potential along 
this stretch of coast. Forty-five mm was taken as being 
close to the upper limit of the youthful size range (Fig- 
ure 4). Where possible all samples consisted of 100 shells. 
When more than 100 measurable shells were available, the 
total population was screened through 35, 40, 45, 50 and 
55mm holes and counted. Each size was then sampled 
according to its relative frequency. 

Before discussing further the Taurama excavation find- 
ings on Strombus luhuanus a brief report of the observa- 
tions made of Anadara antiquata will be given. This bi- 
valve is found buried at little depth in areas of sea grass 


in the intertidal zone of reef platforms. At Pari the best 
bed is immediately out from the west end of the village. 
East of Port Moresby, where the reef becomes much nar- 
rower beyond Gabagaba to Hood Point, this species is the 
main shellfish gathered. It was along the latter stretch of 
coast at Walai that the April 1972 paralytic shellfish 
poisoning occurred. Anadara antiquata was the main 
shellfish involved. Three children died and over 20 people 
were hospitalised (MaAcLEAN, 1974: 2). 

The following observations were made for each Ana- 
dara antiquata population. Length, which was taken 
from the anterior to posterior ends of the shell, and the 
depth, which was measured over the umbo to the edge 
of the inner lip below. Where possible each sample con- 
sisted of 100 shells. The modern Pari A. antiquata bed is 
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Figure 4 


Distribution of Juvenile Traits in Lightly and Heavily Exploited 
Populations of Strombus luhuanus 
(from SwaDLinc, no date: a) 


said to be well fished. The bed out from Walai village, 
where the population is less than 100 people, is under less 
gathering pressure. No relatively unexploited population 
of A. antiquata was obtained. The findings are listed in 
Table 5. 

The archaeological square (AJA/7x), from which the 
Taurama midden material was excavated, did not always 
fulfill the same purpose throughout the occupation of the 
site. Although the square was clearly the site of a rubbish 
dump when the site was abandoned, that had not been 


the case during the total site occupation. The lower fre- 
quency found in other layers may mean that the dumps 
were then located elsewhere. Thus, the frequency of shell- 
fish in the different layers of one square does not necessari- 
ly equate with varying rates of consumption through time; 
unless supported by total site excavation data and evi- 
dence for changing levels in shellfish exploitation. 
Strombus luhuanus is one of the most abundant gastro- 
pods in the Taurama midden. The population of this 
species in the different excavation levels (each level being 
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Table 5 
Nature of modern and prehistoric populations of Anadara antiquata (Linnaeus, 1758) 
Shell % pop. 50mm+ Depth Average 
Sample length in length only range depth 
number mm when 5+ shells mm mm 
MODERN 
Minitoa 57 heavy exploitation 29-52 4 7-13 9.1 
Walai 100 30-59 13 7-17 11.9 
PREHISTORIC excavation level 
Taurama 60 1 30-73 40 7-28 13.9 
Excavation 30 2 33-65 23 8-20 12.7 
a= 3 =a = —_ 
78 4 33-62 34 8-19 12.8 
50 5 34-60 28 8-17 12.4 
26 6 32-71 38 8-28 14.7 
10 7 29-52 30 6-15 11.7 
1 8 — 14 — 
1 9 — 10 
- 10-12 - _ = 
13 13 36-52 23 9-15 11.6 
fost 14 = = at 
2 15 41-52 — 10-17 — 
— 16-18 — - = 
2 19 46-50 _ 16 — 
2 20 30-63 — 8-20 _ 
=e 2] Es Be ot 


base of site 


(no sample was available for excavation level 17) 


approximately 10cm in depth) exhibit the features char- 
acteristic of human exploitation. Despite any perceptible 
change in the length range, probably due to the overall 
abundance of this species, there is a marked change in 
the nature of the populations through time. Morphological 
observations indicate that exploitation was most demand- 
ing in the oldest levels of the site with a decrease in de- 
mand occurring during the subsequent occupation of the 
site. The same observation is in part evident in the less 
abundant Anadara antiquata populations. 

The 2000 years of occupation found at Taurama record 
the occurrence of a number of pottery styles. The earliest 
of these occupations was that of a community making 
what has come to be termed Red Slip pottery. This pot- 
ting industry has its closest parallels in the Oceanic Lapita 
tradition. Dating from 1000 A. D. another style of pottery 
appears. Much of this pottery, which has been found at 
Eriama, Nebira 2, Boera and Taurama, is similar to pre- 
historic Goodenough, Amphlett Island and Trobriand Is- 
lands pottery and on this basis was labelled ‘Massim’ by 
Buiter (1971). This style may have developed into the 


tradition which is dated to about 1200 A. D. at Motupore 
Island. Comparable pottery has been found at Nebira 2, 
Taurama, Boera and Urourina on Yule Island. Finally, 
within the past 300-200 years Motu pottery fashioned as 
observed by early European visitors became the dominant 
potting tradition. 

These potting industries were thought to reflect the oc- 
cupation of the Port Moresby area by successive groups 
of people. The Red Slip potting tradition, which persisted 
in the area for over 1000 years, was taken to represent a 
group who were favoured by the environment and who 
departed only when it deteriorated, perhaps due to their 
own interference, or when competition drove them out. 
All subsequent settlement along this coastline was thought 
to have followed a similar pattern until the Motu were 
able to establish a working economy based largely on 
imported food (ButmeEr, 1971: 81). 

The Strombus luhuanus and Anadara antiquatus pop- 
ulations do not revert to an unexploited state at any time 
during the Taurama occupational sequence. This suggests 
that the Pari to Taurama coastline was subjected to fairly 
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continuous human occupation since the time of initial 
settlement, though the settlers need not always have lived 
at the same site. If the area and its shellfish beds had 
been abandoned, a situation should have arisen like that 
for Otakanini pa (fort) near Auckland, New Zealand. 
There the beginning of site occupation periods are char- 
acterised by relatively unexploited cockle (Chione stutch- 
bury: (Gray, 1828) ) populations, whereas at each time 
the site was abandoned the shellfish display all the char- 
acteristics of heavy human exploitation. These changes in 
shellfish gathering at Otakanini probably reflect the prac- 
tice of shifting agriculture (SwapLinc, 1972: 90). 


CONCLUSION 


The mollusc species which are today gathered at Pari 
village, in the Centrai Province of Papua New Guinea, 
are with few exceptions the same as those found in the 
Taurama archaeological site located in the next bay to 
the east. This means that these shellfish have been a 
valued and viable natural resource in the area for the last 
2000 years. 

The prehistoric populations of 2 of the most frequent 
species, Strombus luhuanus and Anadara antiquata, do 
not revert to an unexploited state at any time during the 
Taurama occupational sequence. During the prehistoric 
period exploitational pressure was heaviest at the time of 
initial occupation. The subsequent decrease in exploita- 
tional pressure may reflect the increasing importation of 
garden produce and luxury protein foods obtained in ex- 
change for pots and shell ornaments. Today exploitation 
is again at a high level and many beds appear to face 
depletion. 
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(4 Text figures) 


INTRODUCTION 


Haliotis kamtschatkana Jonas, 1845, commonly called the 
pinto abalone, is found along the outside coastal waters 
of southeastern Alaska from Dixon Entrance to Icy Straits 
(Parker, 1973). It is also encountered in British Colum- 
bia and occurs as far south as Point Conception, Califor- 
nia (Cox, 1962). 

The flesh of the pinto abalone has an excellent flavor 
and is especially tender. Therefore, this animal is eagerly 
sought by Alaskans for home consumption (LivincsToNE, 
1952). This abalone is commercially harvested on a small 
scale and recovered meats retailed at approximately $4.- 
per pound (ca. 450 g) in 1975. In Alaska, however, Hali- 
otis kamtschatkana is encounterel primarily in patchy ag- 
gregations (LiviNcsTONE, op. cit.), therefore, its fishery 
potential is probably limited. This is also the case for 
pinto abalone in British Columbia (QUAYLE, 1962). 

Considering the extensive distribution of Haliotis kamt- 
schatkana along the Pacific coast of North America, few 
papers on the basic biology of the species are available. 
The most extensive paper is that of QuayLE (1971) 
which primarily provides information on morphometry 
and estimated growth rates for pinto abalone in British 
Columbia. A general, but brief, review of distribution 
and feeding habits can be found in Cox (1962). Livinc- 
STONE (1952) provides some data on size-weight rela- 
tions and the percent meat recovery for pinto abalone 
from the Prince of Wales and Baranof Islands, southeast 
Alaska. Parker (1973) reported additional information 
on size-weight relations and determined that sexual ma- 
turity in Alaskan H. kamtschatkana was reached at a shell 
length of approximately 65mm. No published data are 
available on feeding and growth of the pinto abalone in 
Alaskan waters. 

Recent interest in the southeastern and southcentral 
Alaskan coastline as aquacultural areas has prompted the 


examination of the suitability of several native organisms, 
including Haliotis kamtschatkana, for culture. The major 
purpose of this investigation was to study the feeding and 
resulting growth of H. kamtschatkana in captivity. 


METHODS 


Collections of 50 and 52 Haliotis kamtschatkana were 
made from Sitka Sound, Alaska, on 14 May and 1 Sep- 
tember 1975. The May collection consisted exclusively of 
sexually mature animals (shell length greater than 65 mm). 
The September collection contained both sexually imma- 
ture and mature individuals (shell length of 35 to 100mm). 
For the purpose of discussion, the individuals of the May 
and September collections will be referred to as Collec- 
tion 1 and Collection 2 respectively. The animals were 
moved to the Institute of Marine Science, Seward Marine 
Station at Resurrection Bay, Alaska. There, the abalone 
were maintained in large fiberglassed plywood tanks. The 
sea water in which the abalone were kept was pumped 
from a depth of 73 m toeliminate salinity fluctuations. The 
salinity of the incoming water ranged from 31 to 33%. 
Sea water temperatures were maintained between 12.0 
and 15.0°C throughout most of the experiment (Table 
1). The experiments were terminated at the end of No- 
vember 1975 when the heating system no longer main- 
tained the desired temperature (Table 1). The abalone 
in Collections 1 and 2 were kept in captivity for 200 and 
90 days respectively. 

The acceptability of 9 species of macroalgae and 2 types 
of diatoms as food was determined by offering the plant 
tissues to 25 specimens of Haliotis kamtschatkana of vari- 
ous sizes that had been starved for 48 hours. An accept- 
ance of a food item consisted of the abalone grasping the 
plant tissue with its foot and ingesting at least part of the 
algae. The diatoms were cultured or settled on glass plates 
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Table 1 


A comparison of sea water temperatures in the experi- 
mental tanks to those normally encountered in Sitka 
where the specimens of Haliotis kamtschatkana were 
originally captured. M.T. = mean temperature, 
S.D. = standard deviation, R. = range. 


Sitka! 
Month M.T. S.D. R. M.T. 
May 9.0 2.60 8-13 8.9 
June 13.88 1.20 12-16 11.4 
July 15.36 1.48 14-18 13.5 
August 14.40 0.89 13-15 14.0 
September 14.25 0.88 13-16 12.2 
October 12.35 1.26 9-14 9.4 
November 7.50 1.79 5-11 eo) 


1An eleven year average, taken from U.S. Department of Com- 
merce. 1970. Surface water temperature and density. NOS Publi- 
cation 31-3. p. 30-31. 


and these were placed next to the abalone. The algae spe- 
cies tested were those commonly encountered in Resurrec- 
tion Bay, Alaska, and are not considered an exhaustive list 
of potential food species. The algal species tested are the 
following: Diatoms —- Chaetoceros spp., and Navicula 
spp.;Chlorophyta — Ulva lactuca (Linnaeus) and Entero- 
morpha linza (Linnaeus) J. Agardh; Phaeophyta — La- 
minaria groenlandica Rosenvinge, L. saccharina (Lin- 
naeus) Lamouroux, Alaria marginata Postels & Ruprecht, 
Agarum cribesum Bory, and Fucus distichus Powell; Rho- 
dophyta — Porphyra miniata (C. Agardh) C. Agardh, 
and old and new growth Rhodymenia palmata (Linnaeus) 
Greville. Coralline algae were also present as a heavy 
encrustation on the shells of most of the specimens of H. 
kamtschatkana. Qualitative observations on food prefer- 
ences were also carried out in tanks where all 11 algae 
types were present. 

The required daily ration of Haliotis kamtschatkana 
was examined by offering known amounts of Laminaria 
groenlandica to various sized abalone. The 6 H. kamt- 
schatkana utilized in this experiment were maintained as 
pairs of animals of similar weights in 220] fiberglassed 
tanks. These 3 pairs of abalone had average wet weights 
and shell lengths of 15.8g, 86.3g, 163.8g, and 54mm, 
84mm, 104mm respectively. The average daily consump- 
tion of L. groenlandica for 13 consecutive days was moni- 
tored by daily weighing the remaining plant tissue in the 
tanks to the nearest tenth of a gram. The sea water in the 
tanks was maintained between 13.5 and 15.0°C. 
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Growth of abalone, maintained at temperatures simi- 
lar to those found in their natural habitat (Table 1) 
during the summer months and fed to excess on Lamina- 
ria groenlandica, Alaria marginata, Chaetoceros spp. and 
Navicula spp., was monitored by marking the shell mar- 
gins of each individual with an engraving tool. In addi- 
tion, their initial length and width was measured to the 
nearest millimeter and a number ground into each shell. 
Qualitative weekly observations of growth were made by 
observing the occurrence of increases in shell length be- 
yond the notch filed in the shell margin. Increases in shell 
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Figure 1 


Acceptability of 12 algae types as food 
to 25 starved Haliotis kamtschatkana 


™ new growth tissue; ? old blade tissue 
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length were determined to the nearest millimeter at the 
end of November. The abalone were grouped in 5mm 
initial length categories and their mean increases in shell 
length and shell width were determined (Figure 3). A 
cumulative growth curve for a hypothetical pinto abalone 
with an initia! shell length of 35mm was constructed by 
adding the mean increase in shell length for the 90 day 
period reported in Figure 3 for Collection 2 (Figure 4). 


RESULTS 


FOOD PREFERENCE 


The acceptability of 12 types of algae as food to 25 
starved Haliotis kamtschatkana is presented in Figure 1. 
Only one plant, the diatom Chaetoceros spp., was accept- 
ed by all 25 specimens of H. kamtschatkana in the food 
preference study. The other diatom tested, Navicula spp., 
was rejected by 7 individuals. 

The green algae Ulva lactuca and Enteromorpha linza 
were both accepted by 16 of the 25 abalone tested. 

The brown alga, Laminaria groenlandica, was rejected 
by 3 abalone, and L. saccharina was rejected by 2 aba- 
lone. Alaria marginata was accepted by 23 of the 25 in- 
dividuals tested. Agarum cribosum and Fucus distichus 
were both rejected by all 25 Haliotis kamtschatkana. 

Pieces of newly formed and old Rhodymenia palmata 
blade were both accepted as food by 16 of the abalone 
tested. Porphyra miniata was rejected by all 25 individu- 
als. 


DAILY RATION 


The average daily consumption of Laminaria groen- 
landica by the 2 smallest Haliotis kamtschatkana tested 
(mean wet weight of 15.82) was 0.6¢ per day (Figure 2). 
Therefore, the average daily intake of plant tissue was 
3.7% of their body weight. The intermediate sized aba- 
lone (mean wet weight of 86.3g) consumed L. groen- 
landica at an average of 1.8% of their body weight per 
day or 1.6g per day. The largest individuals examined 
(mean wet weight of 163.8g) ingested on the average 
1.7g of L. groenlandica per day or approximately 1% 
of their body weight per day (Figure 2). The amount of 
plant tissue consumed on a daily basis fluctuated consider- 
ably. This observation is illustrated by the standard devia- 
tions and ranges of Figure 2. 


THE VELIGER 


Page 305 


3.0 


1.5 
1.0 


0.5 


Grams (wet weight) Consumed 
Le) ny 
fo) a 
Eee By) 
See 


fe) go 50 70 go 110 6130 150 170 
Mean Wet Weight (g) 


Figure 2 


The average daily consumption of Laminaria groenlandica 
by different sizes of Haliotis kamtschatkana, Water temperatures: 
13.5°C to 15.0°C 


GROWTH 


As expected, the increase in shell length and width was 
greatest in the smaller individuals (Figure 3). Specimens 
in the 35 to 40mm shell length group experienced in- 
creases in shell length and width on the order of 10 and 7 
mm respectively (Figure 3). Individuals in the 7 size 
groups from 41 to 75mm (Figure 3) generally increased 
in length from 4 to 6mm and from 3 to 5mm in width. 
The individuals in the 2 size groupings (Figure 3) between 
76 to 85mm in length increased in length from 2 to 4mm 
and from 1 to 3mm in width. Individuals from Collection 
1 in the 3 size groupings from 91 to 110mm (Figure 3) 
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showed increases in length of 1 to 3mm. The specimens in 
this size range from Collection 2 failed to grow at all 
(Figure 3). In general, the increase in shell length of the 
sexually mature individuals in the size groups of 66 to 90 
mm in Collections 1 and 2 appears to be similar (Figure 
3). Therefore, a one way analysis of variance (see SNE- 


Mean Increase in Shell Length and Width (mm) 


INAAAAAAAAAAAANAANAAANAANAAANNANNRANNNS 


40 


THE VELIGER 


Collection 1 


Collection 2 


WQQOQSAANS AAAS 


45 


SNAANAANAAANAANANANNARARANSNY 


a Length 


Width 


WAAAAAAAAAAAAAAANARANNN 
NAAAAAAARARAAAARAR 
NAAAAAAAARARAARARRAARAN 
RX Xi tS Sy” 

WM ©“ ©x»°£ 049949090 N 


eS 


I XMXAMAASS SAAS) 


= GO YO WW 8 %& Go OH 


Initial Shell Length (mm) 


Figure 3 
Increases in shell length and width of Haliotis kamtschatkana 


held in captivity for 200 (top) and 90 (bottom) days. 
Water temperatures: 12.0°C to 15.0°C 


2, Figure 3). 
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DECOR, 1956) was utilized to compare the differences in 
increases of shell length of all individuals of these 5 groups 
(Table 2). No statistical differences at the 99% level of 
confidence could be observed in the increases of shell 
length in individuals of the 5 groups compared (Table 
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Table 2 


A comparison (One Way Analysis of Variance) of increase in shell length of two groups of Haliotis kamtschatkana held 
for 200 and 90 days respectively. S.L. = shell length (mm). D.F. = degrees of freedom. M.S. = mean square. F. = F ratio 


Treatment Source of Significant Difference 
Group (S.L.) Variation DEE: IES? F = (99% level) 
66-70) sample means 1 4.96 
individuals 6 1.41 315) No 
71-75 sample means ] 6.81 
individuals 8 6.27 1.08 No 
76-80 sample means 1 7.03 
individuals 6 6.32 Wildl No 
81-85 sample means ] 1.64 
individuals 9 21) 0.77 No 
86-90 sample means ] 0.01 
individuals 3 0.89 0.01 No 
DISCUSSION this theory. In addition to a decided preference for dia- 


FOOD PREFERENCE 


No previous detailed work is available concerning the 
food preference of Haliotis kamtschatkana. Cox (1962) 
makes the statement that this species typically ingests 
small algae; species unidentified but non-diatomaceous, 
(Cox, personal communication 1976) in preference to the 
larger types, such as Laminaria, which is popular with 
other species of abalone. In the current observations of 
feeding H. kamtschatkana, diatoms, Chaetoceros spp. 
and Navicula spp., were among the preferred food 
items. Whenever a visible film of these diatoms coat- 
ed the sides and bottoms of the aquaria, pinto aba- 
lone actively grazed on it, ignoring the macroalgae. 
However, in the absence of a diatom film, there 
was a decided preference for the brown algae Laminaria 
saccharina, L. groenlandica, and Alaria marginata. 

Ino (1953) and LeicHTon (1959) discuss the impor- 
tance of benthic diatoms and coralline algae to abalone 
during metamorphosis from the early creeping stages to 
the adult form. However, most North American species 
of Haliotis generally adopt a diet of macroalgae as they 
increase in size. Cox (1962) speculated that the diet of 
adult H. kamtschatkana contains greater amounts of 
coralline and diatomaceous algae than do the diets of 
other species of California abalone. Cox based this theory 
on the mottling of the shell color in pinto abalone which 
is characteristic of this type of diet. The results of the cur- 
rent food preference studies on pinto abalone support 


toms over macroalgae, individual pinto abalone were 
often observed feeding on the coralline algae encrusting 
the shells of other abalone. 


DAILY RATION 


No data exist concerning the relative value of different 
species of algae for growth in Haliotis kamtschatkana. 
Kixucut et al. (1967) carried out rearing experiments on 
Haliotis discus hannai Ino, 1952 fed 20 kinds of marine 
algae. They reported maximum growth in shell length 
and increase in weight with the brown algae Undaria and 
Eisenia. 

Within the 3 size groups, the daily intake of plant 
tissue by Haliotis kamtschatkana exhibited fairly wide 
ranges and large standard deviations (Figure 2). There- 
fore, to insure maximum growth of pinto abalone in cap- 
tivity, daily rations must be calculated at the highest pos- 
sible level of daily consumption. Daily consumption levels 
of 0.8, 3.1, and 3.5g of Laminaria groenlandica were the 
maximums observed in the 3 size groupings of H. kamt- 
schatkana examined (Figure 2). These values represent 
5%, 3% and 2% of the average body weight of the aba- 
lone in the 3 test groups. 


GROWTH 


The failure of the specimens collected in May to ex- 
ceed the growth of those introduced into the tanks in 
September, in spite of the fact that they were held for an 
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additional 110 days, can be explained by the ripening of 
the gonads of the first collection while in captivity. Weekly 
observations of increases in shell length indicated negli- 
gible growth during the period of mid-May to mid-Au- 
gust. However, during this period the gonads of the speci- 
mens in Collection 1 ripened and several individuals 
spawned. The first spawning was recorded on 10 June 
1975, the water temperature was 9°C. Individuals con- 
tinued to spawn intermittently until 4 July 1975. During 
this period of spawning activity, increases in shell length 
were negligible. New growth first appeared at the shell 
margins of those individuals during mid-August. The 
sexually mature individuals in Collection 2 did not spawn 
while in captivity; they had already completed their 
spawning in the wild by late August. Since the growth of 
the 2 groups was similar, it is reasonable to assume the 
gonadal maturation interfered with shell growth in Col- 
lection 1 during late spring and early summer. However, 
the specimens with initial shell lengths larger than 90mm 
from Collection 1 did grow, while those from Collection 
2 did not. 

The growth measurements indicate the growth of the 
sexually immature (35-65mm shell length) and just 
maturing (66-75mm shell length) individuals occurs 
at a relatively rapid rate (Figure 3) with increases in shell 
length of 5-10mm during the 90 days of observed 
growth. As expected, the sexually mature animals grew 
at a slower rate. The construction of a cumulative growth 
curve (Figure 4), based on adding the increments in 
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captivity and fed to repletion. 
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size observed in Figure 3, Collection 2, indicates that 
it would be possible for an individual to grow from 35mm 
to sexual maturity in 450 days if fed to repletion and 
maintained between 12 and 15°C (Figure 4). Cur- 
rently, there are no data on the actual age of Hali- 
otis kamischatkana at a shell length of 35mm in Alas- 
kan waters. QuayLE (1971) estimated that 2 years are 
required for H. kamischatkana to reach this size in Brit- 
ish Columbia, Canada. However, the Japanese are able 
to raise H. discus hannai, once considered a Japanese race 
of H. kamischatkana, to 35mm in one year under con- 
trolled conditions (Saxat, 1962). 

Quay_e (1971), following the growth of marked Hal- 
iotis kamtschatkana, determined that approximately 3.5 
years are required for H. kamtschatkana to grow from 35 
to 75mm shell length off the coast of British Columbia 
as compared to the 1.6 years indicated by the cumulative 
growth curve (Figure 4). Therefore, the effect of the main- 
tenance of summer temperature and an abundance of 
food on the growth rate of H. kamtschatkana is clearly 
demonstrated. 

The results of these experiments indicate that Haliotis 
kamtschatkana will grow in captivity and can be fed 
commonly occurring species of algae. However, further 
work on the early life stages, growth in the wild, nutri- 
tion, and availability of heated sea water are required 
to properly assess the role of H. kamtschatkana in Alas- 
kan aquaculture. 


SUMMARY 


1. Haliotis kamtschatkana exhibited a decided prefer- 
ence for the diatoms Chaetoceros spp. and Navicula 
spp. as food. 


2. The following algae were also acceptable food items: 
Chlorophyta — Ulva lactuca and Enteromorpha linza; 
Phaeophyta — Laminaria groenlandica, L. saccharina, 
and Alaria marginata; 

Rhodophyta — Rhodymenia palmata 


3. The following algae were not acceptable food items: 
Phaeophyta — Agarum cribosum, and Fucus distichus; 
Rhodophyta — Porphyra minzata. 


4, Themaximum daily consumptionof Laminaria groen- 
landica for pinto abalone with a body weight of 15g, 
86g, and 164g was 5%, 3%, and 2% of their body 
weights per day respectively. 

5. The increase in shell length of 2 collections of pinto 
abalone held for 200 and 90 days and fed to excess 
on Laminaria groenlandica, Alaria marginata and the 
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diatoms Chaetoceros spp. and Navicula spp. is present- 
ed. A cumulative growth curve is also presented. 
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INTRODUCTION 


THe Otympic PENINSULA is one of the last frontiers 
for large-scale ecological research in the contiguous 48 
states (FonDA & Buss, 1969), yet there has not been a 
concerted study of the terrestrial and freshwater mollusks 
living on that remarkable thumb of land. The snail fauna 
of the peninsula is remarkable for several reasons. Not 
only is it depauperate in eastern species, but it also lacks 
several genera and species which are common in the 
nearby Cascade Mountains and on mainland Washing- 
ton, Idaho and Oregon, such as the slug genus Zacoleus 
Pilsbry, 1903 and others (KoziorF « VANCE, 1958; HEN- 
DERSON, 1929b). This is also true of plants and higher 
animals. Eleven species of mainland mammals, for ex- 
ample (Suarp « SHarp, 1963) are lacking. The explana- 
tion for these faunal and floral absences has to be sought 
in the geologic history of the area (CRANDELL, 1963). 
During late Wisconsin times a massive piedmont glacier 
moved from the mountains of southwestern Canada, ad- 
vancing into Washington, bifurcating into two separate 
tongues, the Puget Sound and the Juan de Fuca lobes. At 
its maximum development, the Puget Sound lobe spread 
out along the east side of the peninsula and the western 
slopes of the Cascades, completely isolating the area from 
the mainland. The Juan de Fuca lobe moved along the 
northern edge of the peninsula, breaching the northern 
extremity of the Olympic Mountains to spread south- 
westerly along a line just south of the Soleduck River. 
At the same time, many of the montane glaciers ad- 
vanced down their valleys nearly to the sea. These gla- 
ciers left only the mountain slopes and a good share of 
the western peninsula as ice-free refugia, whereas main- 
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land organisms weie pushed steadily southward. Invasions 
of the peninsula apparently did not occur, and several 
groups of organisms still have not been able to reach the 
area because of its narrow, bottleneck-like connection 
with the mainland. 

Several groups of organisms which were able to survive 
in the peninsular refugia seem to have evolved along lines 
that differed from the gens of the mainland. Such isolated 
evolutionary sequences, of course, resulted in the forma- 
tion of endemic species. There are at least 19 endemic 
plant species present, 3 or more endemic slugs, and 2 or 
more endemic snails. Such endemics, however, are only 
one of 4 molluscan elements present on the Olympic Pen- 
insula. The remaining 3 elements are comprised by pre- 
glacial relicts, by re-invaders from the south, and by exotic 
species introduced by the folly of humans. 


DESCRIPTION or AREA 


The Olympic Peninsula is a thumb-like projection of 
land on the extreme northwestern corner of Washington, 
extending westward of the waterways formed by the 
Admiralty Inlet, Hood Canal and the upper Puget Sound, 
and southward from the Strait of Juan de Fuca to Gray’s 
Harbor and the lower Chehalis River valley (Figure 1). 
The total area is relatively small — 10400 km? (Fonpa 
& Buss, 1969) - with a Pacific Ocean front of more 
than 160km. The Olympic Mountains, trending north- 
west to northeast with an average width of about 64km, 
occupy the central portion of the peninsula. The Olympic 
National Park occupies nearly 364 000ha of the highest 
(Mount Olympus: 2425m) and best-developed section 
of the mountains, and an 80.5km strip along the Pacific 
Coast. Because the prevailing winds come from the south- 
west, the mountains intercept practically all moisture, 
creating an extensive rain shadow along the northeastern 
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corner of the peninsula. Although the western slopes of 
the mountains may receive over 500cm of annual moist- 
ure, the rain-shadow district gets less than 50cm, a phe- 
nomenon which is strongly reflected in plant and animal 
distribution. 

The western slope of the peninsula is marked by a 
series of relatively large river valleys, intervening moun- 
tain ridges and general hilly country (HEUSsER, 1964). 
In this sector, between Cape Flattery (extreme northwest- 
ern tip) and the mouth of the Hoh River, the country is 
rocky and irregular with a maximum elevation of about 
365m, most of the terrain, however, averaging less than 
45m above mean sea level. From the mouth of the Hoh 
southward, the peninsula rises from sea level up to over 
350m; this area can be typified as the “fog belt zone” 
(Jones, 1936). 

Because of its relative far-northern position, juxtapo- 
sition to the sea, and the climate-directing role of the 
Olympic Mountains, all of the so-called life zones are 
depressed, and only 4 of them are present, the Arctic-Al- 
pine, the Hudsonian, the Canadian, and the Transition 
(Suarp & SHarRP, 1963, and others), and even these 4 
occur at considerably lower altitudes than encountered 
at more southerly latitudes on the mainland, with some 
variability because of protection here and there, differ- 
ences in slope factors, and other factors. The average ele- 
vations for these zones are: Arctic-Alpine, 1 524 - 2 134m; 
Hudsonian, 762 - 1 524m; Canadian, 417 - 914m; Tran- 
sition, under 457m. There is, of course, a corresponding 
variation in plant growth and molluscan habitat condi- 
tions associated with this altitudinal effect. 

The soil types of most of the Olympic Peninsula are 
principally lithosols, mainly under seral forests (FONDA & 
Briss, 1969), and brown podzolics under the stable for- 
ests. Both types are extremely acid (pH 4.5 - 5.0). How- 
ever, in many river valleys and lowlands, where good 
growths of broadleaf maple, vine maple, and red alder 
occur, the soils tend toward black organic, have consider- 
ably more available calcium, and exhibit pH values of 
6.3 - 7.7. 

Another phenomenon of considerable importance in the 
distribution of plants, and hence mollusks, is slope factor 
(Fonpa & Buss, 1969). Snow melt is much delayed on 
north-facing slopes, as in the upper Soleduck River basin, 
excluding the dense forests. Instead, wet subalpine mead- 
ows develop and persist for long periods of time. On the 
other hand, very dense forest conditions persist up to 1 500 
m on the south-facing slopes. 

In general, the vegetation of the Olympic Peninsula is 
classified as Pacific Coastal Forest, but there is much vari- 
ation in community distribution. Jones’ (1936) botanical 
survey of the peninsula is still highly useful. Also, Fonpa 
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& Buiss (1969) presented an excellent discussion of mon- 
tane and subalpine forests, and KurAmoro & Buiss (1970) 
studied the distribution of subalpine meadows. These 
papers served as the basis for plotting my collecting sta- 
tions, 2. é., insuring as complete an ecological coverage as 
possible, including the spectacularly developed crypto- 
gamic epiphyte area in the so-called Quinault Rain Forest 
(DauBENmireE, 1969) and the areas occupied continu- 
ously by local vegetation throughout the glacial epoch 
(Heusser, 1964), 7. e., from the Hoh River valley south- 
ward. 


HISTORY or RESEARCH 


BINNEY & BLAND’s (1869) records for Prophysaon folio- 
latus (Gould, 1851) at Discovery Bay and Ariolimax 
columbianus (Gould, 1851) constitute one of the earliest 
reports for any terrestrial or freshwater mollusk on the 
Olympic Peninsula. Practically all additional reports in- 
volve easily visited coastal regions or sites along main 
thoroughfares. Prrspry « Vanatta (1898) recorded sev- 
eral sites for various slugs, and Dati (1910) reiterated 
some of those same records in his distributional interpre- 
tation for Alaskan snails. Cratce’s (1927) collections from 
mainland Washington provide data for comparative pur- 
poses. Probably the most important, and certainly the 
most extensive, papers on this fauna published during the 
first three decades of the twentieth century were those of 
HENDERSON (1929a, 1929b, 1935, 1936), which sum- 
marized existing collections and presented new data. Ho- 
RACE B. Baker (1930a) listed collecting sites from Clallam 
and Snokomish counties for Haplotrema. In his compre- 
hensive treatment of North American land mollusks, Pits- 
BRY (1939, 1940, 1946, 1948) summarized for the last 
time all published snail records for the Olympic Peninsu- 
la, adding, however, little new information. 

During the remainder of this century few molluscan 
investigations have been conducted on the peninsular 
fauna. Goopricn’s (1942) work clarified some of the 
pleurocerid problems of the area, and Meap’s (1943) 
revision of Ariolimax eliminated some of the confusion 
in that genus, but practically none of his material was 
derived from extreme northwestern Washington. Recent 
investigation of the freshwater elements of the area are 
conspicuously lacking. HuBeNpick (1951) included sev- 
eral lymnaeids (by way of total range) in the fauna, and 
LaRocguE (1953) did the same for several freshwater 
pelecypods and snails. 

During my own preliminary studies of the area, several 
gastropod records were established (Branson, 1969; 
Branson, Sisk & McCoy, 1966), including the descrip- 
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tion of 2 new species (BRANSON, 1972, 1975), both puta- 
tive endemics. 


LOCALITIES ann HABITATS 


Descriptions of the collecting sites are presented below. 
The identifying numbers correspond to those on the 
locality map (Figure 1) and those presented in the anno- 
tated list. 

1. Chehalis Indian Reservation, Black River crossing of State Route 
12, S 33,R 4 W, T 15 N, Rochester Quadrangle, 24.4 m elevation; 
30 June 1969 

2. Small spring, tributary to Black River, S 27, R 3 W, T 15 N, 
Rochester Quadrangle, 36.6 m elevation; gravel and small stones; 
30 June 1969 

3. Near Chehalis River, State Route 12, southwestern tip S 12, R 
5 W, T 16 N, Malone Quadrangle, 73.2 m elevation; western red 
cedar, vine maple, bigleaf maple; 30 June 1969 

4. Schafer State Park, Chehalis River, S 29, R 7 W, T 18 N, Elma 
Quadrangle, 76.3m elevation; 30 June 1969 

5. Chehalis River, S 31, R 7 W, T 18 N, Elma Quadrangle, 74.2m 
elevation, 30 June 1969 

6. Upper end of Case Inlet, State Route 3, 0.8km due N of Allyn, 
Allyn Quadrangle, 35m elevation, 29 June 1969 

7. Grant Ferry Road, 0.2km above its junction with State Route 3, 
near upper end of Lake Spencer, Allyn Quadrangle, 31.6m ele- 
vation, 29 June 1969 

8. Near New Kamilche, S 20, R 3 W, T 18 N, Shelton Quadrangle, 
23.4 m elevation, mixed forest, 29 June 1969 

9. Clear-cut area, 8km E of Olympia, S 11, R 2 W, T 18 N, Olym- 
pia Quadrangle, 61m elevation, 12 August 1970 

10. Cut-over lowlands forest, 8.8km N of Olympia, S 14, R 2 W, 
T 19 N, Olympia Quadrangle, 45.8 m elevation, 12 August 1970 

11. Cozy Valley, 4km E of Tenino, S 27, R 1 W, T 16 N, Tenino 
Quadrangle, evergreen forest, 152.5m elevation, 8 August 1970 

12. Matlock Road, SW corner S 16, R 4 W, T 20 N, Shelton 
Quadrangle, 85.4m elevation, Douglas fir, red cedar, red alder; 
30 June 1969 

13. Skokomish Indian Reservation, Skokomish River, 0.8km above 
mouth, State Route 106, S 12, R 3 W, T 21 N, Potlatch Quad- 
rangle, 164.8m elevation, 29 June 1969 

14, Garbage dump near Finch Creek, S 10, R 4 W, T 22 N, Pot- 
latch Quadrangle, 152m elevation, 27 June 1969 

15. Trail shelter, Upper Satsop Lake, S 1, R 7 W, T 22 .N, Satsop 
Quadrangle, dense mountain forest, 732m elevation, 14 August 
1970 

16. Near upper end of Lake Cushman, S 15, R 5 W, T 23 N, 
Mount Tebo Quadrangle, alder and maple duff, 305 m elevation, 
19 July 1969 

17. Near upper end of Lake Cushman, S 11, R 5 W, T 23 N, rot- 
ting cedar logs, 256.2 m elevation, 19 July 1969 

18. Near Staircase Rapids, Skokomish River, Olympic National 
Park, Mount Steel Quadrangle, bigleaf and vine maples, hem- 
lock, Douglas fir, red cedar, 205m elevation, 28 June 1969 

19, Quinault River, 1.6km below Graves Creek Ranger Station, 
Olympic National Park, Mount Christie Quadrangle, dense 
rain forest, 151.5m elevation, 4 July 1969 


20. Abandoned farm in rain forest, Quinault River valley, S 31, R 
8 W, T 24 N, Mount Christie Quadrangle, 152.5m elevation, 
4 July 1969 

21. O’Neil Creek Shelter, Enchanted Valley Trail, Olympic National 
Park, rain forest, 250m elevation, 3 July 1969 

22. Flapjack Lakes Trail, 3.2km above ranger station, Olympic 
National Park, 658.8m elevation, mountain hemlock and shrubs, 
20 July 1969 

23. Flapjack Lakes Trail, 8.0km above ranger station, Olympic 
National Park, 1 494.5m elevation, above timberline, low annuals, 
20 July 1969 

24, Gladys Divide above glacial cirque, Mount Steel Quadrangle, 
Olympic National Park, bare rocks, ferns, low annuals, 1 556m 
elevation, 20 July 1969 

25. Near mouth of Tumbling Creek (tributary of Dosewallips Ri- 

ver), 4km E of Dose Forks Shelter, Olympic National Park, 
dense evergreen forest, 442.3m elevation, 27 June 1969 

26. Dosewallips Campground, Olympic National Park, massive red 
cedar, Douglas fir and alder along streams, 500m elevation, 27 
June 1969 

27. Hillside above Dosewallips Campground, Olympic National 
Park, talus slides, ferns, red cedar, Douglas fir, 521m elevation, 
27 June 1969 

28. Honeymoon Meadows, Olympic National Park, 25.3km above 
Dosewallips Ranger Station, grasses, forbs, annuals, alder, decay- 
ing logs, 1075.7m elevation, 22 July 1969 

29. Honeymoon Meadows Trail, 12.8km above ranger station, O- 
lympic National Park, dense evergreen forest, 915m elevation, 22 
July 1969 

30. Honeymoon Meadows Trail, 8.8km above ranger station, Olym- 
pic National Park, stream margin vegetation, 872.3m elevation, 
22 July 1969 

31. Enchanted Valley Trail, 4.8km above Graves Creek Ranger Sta- 
tion, Olympic National Park, dense forest, heavy growths of 
Pacific dogwood, 260 m elevation, 3 July 1969 

32. Sentinel Peak at U.S.G.S. benchmark (2010.6m elevation), 
Olympic National Park, sedges, grasses, annuals, 16 August 1970 

33. Dose Meadows Trail Shelter, Olympic National Park, 1 357.3m 
elevation, sedges, forbs, grasses, annuals, 15 August 1970 

34, Seal Rock State Park off U. S. 101, Point Misery Quadrangle, 
10.7 m elevation, salal, Douglas fir, 20 June 1969 

35. North Point Lookout, Mount Walker, ferns, pines, spruce, hem- 
lock, 875m elevation, 26 June 1969 

36. Below Mount Walker, U.S. 101, S 27, R 2 W, T 27 N, Quilcene 
Quadrangle, rocky hillside, ferns, mosses, 140.3m elevation, 25 
June 1969 


(on facing page >) 


Figure 1 


Distribution of Collecting Stations, Olympic Peninsula, 

Washington. Numbers under 200 correspond to those in 

the locality descriptions; numbers over 200 correspond to 
those in the list of creeks, rivers and lakes. 
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37. Junction of West Leland Road with U.S. 101, S 14, R 2 W, 
T 28 N, Quilcene Qaudrangle, maples, ferns, moss, alder, red 
cedar, 54.9m elevation, 25 June 1969 

38. Forested slopes 2.4km SE of Camp Discovery, S 26, R 1 W, 
T 27 N, near radio relay station, Discovery Quadrangle, 187.3m 
elevation, 9 August 1970 

39. Terminus of Lindsay Road, “Bolton Peninsula,” S 32, R 1 W, 
T 27N, salal, alder, 18.3m elevation, 9 August 1970 

40. Forested lowland slopes, 1.6km SE of Quilcene, S 20, R 1 W, 
T 27 N, Quilcene Quadrangle, 91.5m elevation, 9 August 1970 

41, Swampy lowlands near South Fork of Dungeness River, S 22, 
R 1 W, T 28 N, 152.5m elevation, 7 August 1970 

42. Forested slopes at headwaters of Tarboo Creek (tributary to 
South Fork of Dungeness River), S 17, R 1 W, T 28 N, 183m ele- 
vation, 7 August 1969 

43. Palo Alto Road, 14.4km SE of Sequim, S 30, R 3 W, T 29 N, 
Tyler Peak Quadrangle, bluffs of Dungeness River, maples, Doug- 
las fir, red cedar, ferns, mosses, 381.3m elevation, 16 July 1969 

44, Palo Alto Road, 16km SE of Sequim, S 30, R 3 W, T 29 N, 
Tyler Park Quadrangle, talus, 337.3m elevation, 13 July 1969 

45. Swampy swale, R 1 W, T 29 N, Port Townsend Quadrangle, 
61m elevation, 25 June 1969 

46. Near Carr Point, U.S.101, R 2 W, T 29 N, Port Townsend 
Quadrangle, 60m elevation, mixed forest, 25 June 1969 

47. The “Potholes,” S 39, R 4 W, T 30 N, marsh vegetation, 31.5 
m elevation, 10 August 1970 

48. Base of Dungeness Spit, S 34, R 4 W, T 31 N, sandy lowlands, 
30 m elevation, 10 August 1970 ; 

49. Deer Park, Blue Mountain, Olympic National Park, alpine re- 
gion, creeping phlox and other annuals, 1832m elevation, 5 
July 1969 

50. Deer Park, Blue Mountain, Olympic National Park, subalpine 
fir region, 1 660m elevation, 6 July 1969 

51. Deer Park, Blue Mountain, Olympic National Park, Krumm- 
holtz (subalpine fir and dwarfed Douglas fir, annuals, rocks) 1760 
m elevation, 5 July 1969 

52. Deer Park, Blue Mountain, Olympic National Park, lower sub- 
alpine, 1500m elevation, 6 July 1969 

53. Obstruction Peak, Olympic National Park, subalpine area, 1510 
m elevation, 13 July 1969 

54. Deer Park Road, 16.5km above junction with U. S. 101, talus 
slopes, 820m elevation, 7 July 1969 

55. Cox Valley, transition zone, R 5 W, T 29 N, Mount Angeles 
Quadrangle, 1 145m elevation, 13 July 1969 

56. Steep, open slopes, Hurricane Ridge Road, Olympic National 
Park, 6.4km below terminus, dwarf alder, 1525m elevation, 14 
July 1969 

57. Hurricane Ridge Road, 4.8km below terminus, Olympic Na- 
tional Park, fallen logs, annuals, 1 145m elevation, 14 July 1969 

58. Decaying homestead, Blue Mountain Road, S 14, R 5 W, T 
29 N, Port Angeles Quadrangle, ferns, maples, Douglas fir, red 
cedar, hemlock, 457m elevation, 24 June 1969 

59, Moist subalpine meadows, 0.5km below junction of Obstruction 
Peak Road with Hurricane Ridge Road, Olympic National Park, 
sedges, subalpine buttercup, grasses, 1540m elevation, 14 July 
1969 

60. Sedge slopes at junction of Obstruction Road with Hurricane 
Ridge Road, Olympic National Park, 1570m elevation, 14 July 
1969 : 


61. Heart O’Hills Campground, Olympic National Park, S 3, R 6 
W, T 29 N, Port Angeles Quadrangle, Douglas fir, hemlock, 
mosses, 762.5 m elevation, 24 June 1969 

62. Mount Angeles Trail off Hurricane Ridge Road, Olympic Na- 
tional Park, S 3, R 6 W, T 29.N, Port Angeles Quadrangle, 762 
m elevation, 24 June 1969 

63. Headquarters, Olympic National Park, S 15, R 6 W, T 30 N, 
Port Angeles Quadrangle, maples, Douglas fir, ferns, 760m ele- 
vation, 29 June 1969 

64. Ediz Hook, Coast Guard Station, T 30 N, R 6 W, driftwood, 
68 m elevation, 12 July 1969 

65. Elwha River Campground, Olympic National Park, S 4, R 7 
W, T 29 N, Joyce Quadrangle, maples, grand fir, hemlock, ferns, 
mosses, annuals, 610m elevation, 23 June 1969 

66. Near Lake Mills Overlook, Olympic Hot Springs Road, Olym- 
pic National Park, maples, ferns, scattered evergreens, mosses, 
1372.5 m elevation, 23 June 1969 

67. Olympic Hot Springs, Olympic National Park, red alder duff, 
evergreens, 6286m elevation, 23 June 1969 

68. Hurricane Hill, Hurricane Ridge, Olympic National Park, 
1 738.5 m elevation, 13 July 1969 

69. Idaho Shelter, Hurricane Ridge, Olympic National Park, 1 515.9 
m elevation, talus, 13 July 1969 

70. Mount Storm King, R 8 N, T 29 N, Joyce Quadrangle, 1 220m 
elevation, buckthorne, hemlock, talus, 21 June 1969 

71. LaPoel Point, S 32, R 9 W, T 30 N, Lake Crescent Quadrangle, 
salal, 176.9 m elevation, 12 July 1969 

72. Neagle Point, Lake Crescent, S 28, R 9 W, T 30 N, Lake Cres- 
cent Quadrangle, abandoned railroad in dense lowland forest, 
Olympic National Park, 219.6m elevation, 21 June 1969 

73. Lyre River bottoms near Lake Crescent, State Route 112, S 28, 
R 9 W, T 31 N, Lake Crescent Quadrangle, alder, ferns, grasses, 
80.2 m elevation, 22 June 1969 

74. Upper end of Lake Crescent, S 20, R 9 W, T 30.N, Lake Cres- 
cent Quadrangle, dense lowland forest, 283.7m elevation, 21 
June 1969 

75. In water, Fairholm arm of Lake Crescent, S 30, R 9 W, T 30 
N, Olympic National Park, 276.4 m elevation, 21 June 1969 

76. Soleduck River, S 13, R 10 W, T 29 N, Lake Crescent Quad- 
rangle, dense forest, 22 June 1969 

77. Near Pysht, S 19 and 20, R 10 W, T 31 N, Pysht Quadrangle, 
spruce, maples, alder, deep, black soil, 6.1m elevation, 18 June 
1969 

78. Near Soleduck River, 1.6km W of Snider Ranger Station, S 27, 
R 11 W, T 30 N, Pysht Quadrangle, hemlock, spruce, ferns, 
rocks, logs, 381.3 m elevation, 21 June 1969 

79. Near Pysht River, S 14, R 12 W, T 31 N, Pysht Quadrangle, 
maples, red cedar, hemlock, ferns, 243m elevation, 18 June 1969 

80. On coast, S 15, R 14 W, T 33.N, Clallam Bay Quadrangle, red 
cedar, salmon berry, hemlock, spruce, 9.8m elevation, 18 June 
1969 

81. On coast, S 36, R 14 W, T 33 N, Clallam Bay Quadrangle, red 
cedar, salmon berry, 10m elevation, 18 June 1969 

82. Bluffs overlooking sea, S 17, R 14 W, T 35 N, Cape Flattery 
Quadrangle, 7.6m elevation, 19 July 1969 

83. Makah Indian Reservation, Neah Bay, S 11, R 15 W, T 33 N, 
salmon berry, hemlock, black cottonwood, spruce, 8m elevation, 


19 June 1969 
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84. Indian Village Nature Trail, S 25, R 15 W, T 30 N, Olympic 
National Park, spruce, mosses, ferns, alder, hemlock, 24.4m ele- 
vation, 19 June 1969 

85. Ozette Lake bluffs, garbage dump, S 3, R 15 N, T 30 N, 48.8m 
elevation, 19 June 1969 

86. Near Hoko Falls, S 7, R 13 W, T 31 N, Lake Pleasant Quad- 
rangle, shaded spring with decaying vegetation, 61m elevation, 
19 June 1969 

87. Tumbling Rapids, S 30, R 12 W, T 29 N, Lake Pleasant Quad- 
rangle, maples, spruce, ferns, mosses, 122 m elevation, 20 June 1969 

88. Maxfield Prairie, S 16, R 13 W, T 29 N, Douglas fir, grasses, 
76.3 m elevation, 20 June 1969 

89. Mora Campground, near Dickey River mouth, Olympic Na- 
tional Park, spruce, maple, Douglas fir, S 22, R 15 W, T 28N, at 
sea level, 20 June 1969 

90. Above mouth of Soleduck River, S 20, R 14 W, T 28 N, La 
Push Quadrangle, 12.2m elevation, 20 June 1969 

91. Near mid-length of Bogachiel River, S 1, R 12 W, T 27 N, 
Forks Quadrangle, alder, hemlock, 238m elevation, 7 July 1969 

92. Mount Olympus Trail, 5.8km above Hoh Ranger Station, 
Olympic National Park, rain forest conditions, S 4, R 9 W, T 27 
N, 305m elevation, 11 July 1969 

93. Hoh Campground, Olympic National Park, rain forest condi- 
tions, S 2, R 10 W, T 27 N, 189m elevation, 10 July 1969 

94. Soleduck Shelter (48°53’07”N; 125°45’45” W), Olympic Na- 
tional Park, 1 464m elevation, 21 August 1970 

95. Rain forest, just below South Fork of Hoh River, S 28, R 10 W, 
T 27 N, Spruce Mountain Quadrangle, maple, ferns, rain forest 
conditions, 131.2m elevation, 11 July 1969 

96. Rain forest, S 30, R 12 W, T 27 N, Spruce Mountain Quad- 
rangle, 122m elevation, 12 July 1969 

97. Elk Lake, Hoh River Trail, Olympic National Park, (48°53’01” 
N; 123°04’47”W ), 762.5m elevation, 19 August 1970 

98. Glacier Meadows Shelter, Mount Olympus, Olympic National 
Park, glacial moraines, ferns, annuals (48°50’00” N; 123°04’46” 
W), 1 830m elevation, 19 August 1970 

99. Kalaloch Campground, Olympic National Park, S 4, R 13 W, 
T 29 N, Destruction Island Quadrangle, skunk cabbage, 23m 
elevation, 7 July 1969 

100. Near Queets River, 0.4km SW of Queets, U. S. 101, Quinault 
Indian Reservation, trash dump, S 3, R 13 W,T 23 N, Destruc- 
tion Island Quadrangle, 24.4m elevation, 7 July 1969 

101. Flood plains of Queets River, Olympic National Park, S 26, R 
12 W, T 24 N, Salmon River Quadrangle, 55m elevation, 7 
July 1969 

102. Old glacial valley below Sams River, S 34, R 10 W, T 24 N, 
maples, ferns, 122m elevation, 7 July 1969 


201 — Sooes River 

202 — Hoko River 

203 — Pysht River 

204 — Big River 

205 — Lake Dickey 

206 — Lake Ozette 

207 — Dickey River 
208 -— Lake Cresent 
209 — McDonnel Creek 
210 — Dungeness River 
211 — Lake Pleasant 
212 — Elwha River 


225 — Hoh River 
226 — Lost River 


229 — Solleks River 


233 — Sams Creek 


THE VELIGER 


224 — Goodman Creek 


227 — South Fork of Hoh River 
228 — Dosewallips River 


230 — Tshletshy Creek 
231 — Duckabush River 
232 — Clearwater River 


234 — Rustler Creek 
235 — North Fork of Quinault River 
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103. Queets Campground, Olympic National Park, S 32, R 10 W, 
T 25 N, Salmon River Quadrangle, spruce, hemlock, maples, ash, 
86.7 m elevation, 8 July 1969 

104. Northeastern corner of S 17, R 11 W, T 23 N, Macafee Quad- 
rangle, U. S. 101, fallen logs, 166m elevation, 5 July 1969 

105. Near Big Creek, S 3, R 9 W, T 23 N, Kloochman Quadrangle, 
alder, logs, 121 m elevation, 4 July 1969 

106, Abandoned farm near upper end of Lake Quinault, rain forest 
conditions, R 9 W, T 23 N, Kloochman Rock Quadrangle, 61m 
elevation, 2 July 1969 

107. Near Quinault River, Graves Creek Ranger Station, Olympic 
National Park, rain forest conditions, 152.5m elevation, 4 July 
1969 

108. Base of Mount O’Neill, near mouth of Merriman Creek, alder, 
devil’s club, leaf litter, 183m elevation, 2 July 1969 

109. West Fork Shelter, West Fork of Humptulips River, Olympic 
National Park (47°52’55”N; 123°04’54” W), 244m elevation, 
13 August 1970 

110. Quinault Indian Reservation, 2.4km SW of Taholah, State 
Route 109, S 1, R 13 W, T 21 N, Tahola Quadrangle, trash heap, 
6.1m elevation, 1 July 1969 

111. Low hillside, 3.2.km N of Copalis, State Route 109, grasses 
and oyster shells, 1 July 1969 

112. Near coast, S 16, R 11 W, T 15 N, Tenino Quadrangle, 122m 
elevation, 7 August 1970 

113. Sparse forest, 3.4km E of Heather, S 28, R 11 W, T 15 N, 
48.8m elevation, 7 August 1970 

114. State Route 109 crossing of Cranberry Creek, Ocosta Quad- 
rangle, sea level, 1 July 1969 

115. Near Humptulips River, S 8, R 10 W, T 20 N, Humptulips 
Quadrangle, 30.5m elevation, 2 July 1969 

116. Mouth of Fairchild Creek, SW corner of S 28, R 10 W, T 20 
N, Humptulips Quadrangle, 33.5 m elevation, 2 July 1969 

117. Near Hoquiam River, NW corner of S 26, R 10 W, T 19 N, 
Humptulips Quadrangle, 49m elevation, 2 July 1969 

118. Ocean City State Park, Ocosta Quadrangle, at sea level, 2 
July 1969 

119. Hillside 1.6km W of Hoquiam, State Route 109, shale and 
clay, 9.2m elevation, 1 July 1969 

120. Wynoochee Valley, S 33, R 8 W, T 18 N, Wynoochee Quad- 
rangle, mixed forest, 1 July 1969 

121. Wynoochee Grange, near Caldwell Creek, Wynoochee Valley, 
S 28, R 8 W, T 18 N, 58m elevation, 1 July 1969 

122. Sylvia Lake State Park, S 32, R 7 W, T 18 N, Montesano 
Quadrangle, 76.3m elevation, 1 July 1969 


247 -— Quinault River 

248 — Hood Canal 

249 — West Fork of Humptulips River 
250 — Vance Creek 

251 — Moclips River 

252 — East Fork of Humptulips River 
253 — Canyon River 

254 — Copalis River 

255 — Middle Fork of Satsop River 
256 — West Fork of Satsop River 

257 — Humptulips River 

258 — West Fork 
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213 — North Fork of Calawan River 
214 — North Fork of Soleduck River 
215 — Soleduck River 

216 — Calawan River 

217 — Sikum River 

218 — Lillian River 

219 — Wolf River 

220 — South Fork of Sikum River 
221 — North Fork of Bogachial River 
222 — Bogachial River 

223 — Crazy River 
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236 — East Fork of Quinault River 
237 — Queets River 

238 — Matheny Creek 

239 — Hama Hama River 

240 — Salmon River 

241 — North Fork of Skokomish River 
242 — North Fork of Raft River 

243 — Raft River 

244 — Lake Quinault 

245 — Lake Gushman 

246 — South Fork of Skokomish River 
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259 — East Fork 

260 — Decker Creek 
261 — East Fork of Satsop River 
262 — Wishkah River 
263 — Wynoochee River 
264 — Satsop River 

265 — Lake Summit 
266 — Chehalis River 
267 — North River 

268 — Black River 

269 — Skokomish River 


ANNOTATED LIST 


In the discussion which follows, collecting sites are re- 
ferred to by number, and the number of specimens collec- 
ted is presented in parentheses. 


PELECYPODA 


SCHIZODONTA 


UNIONDAE 


Margaritifera margaritifera falcata (Gould, 1850) 


This species, according to Simpson (1914), has a very wide 
distribution, 7. ¢., throughout Europe, northern Asia, Ja- 
pan, and western North America south to the 40" degree 
latitude, and east of the Rockies in the upper Missouri 
River and in eastern Canada, New York, Pennsylvania 
and New England. On the Olympic Peninsula, the species 
has been previously reported from Lake Crescent (1:1 
ratio of purple and white nacred specimens), the Chehalis 
River and Mill Creek south of Shelton (HENDERSON, 
1929a, 1936) and implied by distribution in LaRocguE 
(1953). The 6 adult specimens reported here were se- 
cured from Lake Crescent at the Mount Storm King 
Ranger Station, Olympic National Park on 14 August 
1970. All have purple nacre. With the exception of rather 
poorly developed laterals, the hinge teeth are well-de- 
veloped and the ventral margins of the shells are arcuate, 
the periostracum black. These shells measure 66.0 to 73.0 
mm in length and 33.5 to 35.1 mm in depth. 


Anodonta kennerlyi Lea, 1860 


Although the type locality for this species is Chiloweyuck 
Depot, Puget Sound (Stmeson, 1914), the only pub- 


lished records for any peninsular locality is Lake Quinault 
at Gray’s Harbor (HENDERSON, 1929a). I was unable 
to locate populations at that lake. 


HETERODONTA 


SPHAERIDAE 
Although Craic (1927) and others have reported various 
species of sphaeriid clams from mainland Washington, 
most of these forms either have been unable to invade 
peninsular waters or they have remained undetected by 
later investigators. 


Sphaerium patella (Gould, 1850) 


In the Pacific Northwest, this species enjoys wide distri- 
bution in Washington, Oregon, Idaho and northern Cali- 
fornia (HERRINGTON, 1962). Specimens in my collections 
came from stations 15, 47, 65, 92, and from Tarbuck 
Lake, 9.12km north of Quilcene, Jefferson County (col- 
lected in August, 1963 by Mr. Tom Rice) ; HENDERSON 
(1929a) also reported specimens from Lake Whatcom, 
8km NW of Quilcene as Sphaerium nobile (Gould, 
1855). The shell teeth of the right valve are very short 
and strongly curved, and the external sculpturing is very 
fine. A selected series of shells (10) averages 10.5mm 
(6.0 - 12.5) in length and 8.0mm (4.9 - 9.5) in height. 


Sphaerium lacustre (Miiller, 1774) 


An extremely widely distributed sphaeriid in North A- 
merica, Europe and Asia. The specimens reported here 
were secured by Tom Rice from Lake Leland, 4.8km NW 
of Quilcene, Jefferson County, in August of 1963. Four 
specimens measure 6.4mm (6.0- 7.0) in length and 5.8 
mm (5.5 - 6.0) in height. 


Pisidium casertanum (Poli, 1791) 


Reported by HENDERSON (1929a) from the Skokomish 
River, 12.8km N of Shelton, Mason County. The syno- 
nymy of this species is so complicated (HERRINGTON, 
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1962) that it is difficult to make sensible deductions from 
published records. 


Pisidium variabile Prime, 1865 


Reported from Lake Cushman, Mason County (HENDER- 
son, 1929a). 


GASTROPODA 


MESOGASTROPODA 


PLEUROCERIDAE 


The most recent review of Pacific Northwestern pleuro- 
cerid snails is that of Goopricu (1942), who synonymized 
many of HeNpERSON’s (1935) species; species which 
were based upon shell size, color, and strength or weak- 
ness of sculpture, all characteristics which vary greatly 
from stream to stream and from headwaters to mouth. 
The relationships of western pleurocerids have always 
posed theoretical problems. In a previous paper (Bran- 
son, 1969), I relegated specimens from the Satsop River, 
1.6km N of Satsop, Washington, to Oxytrema Rafinesque, 
1819, principally because they deposited their eggs in 
single rows of close, irregular spirals as described by Mor- 
RISON (1954). However, specimens at the California A- 
cademy of Sciences (Allyn G. Smith, personal communi- 
cation) are catalogued as Juga, mostly because of the 
influence of Taytor (1966) and H. B. Baker (1963, 
1967). All of this, of course, is mostly legalistic argumen- 
tation, which does very little to clarify the relationships 
of this highly interesting group of aquatic snails. 
Goopricu (1937, 1942), based upon collections of 
Oxytrema (Juga) columbiensis Whiteaves, 1905 from the 
Columbia River near Kootenay, British Columbia, thought 
the group was more or less closely related to O. livescens 
(Menke, 1830). Cytological evidence can be marshalled 
to support this contention, 7.e., both snails mentioned 
above have 36 (2 n) chromosomes (BurcH, 1967), 
although this is not particularly compelling evidence since 
many other American pleurocerids also have an equal 
number (Woopwarp, 1935; Davis, 1969; BurcH, 1967). 
On the other hand, the shell sculpturing and opercular 
characteristics of the Northwestern forms seem more 
similar to various species of the Asian genus Semisulco- 


spira (Branson, 1969; Burcu, 1967). It may be signifi- 
cant that §. cancellata (Benson, 1833) has been found 
as a Miocene fossil in western Siberia (ZHApDIN, 1952). 


Oxytrema silicula (Gould, 1847) 


Confined to streams and springs of central and western 
Washington and adjacent Oregon (GoopricH, 1942; 
HeENpeErRSON, 1935). Specimens reported by HENDERSON 
(1929a) came from a small pond on Aberdeen Road, 
8km E of Elma; the Wynootche River, 1.6km W of 
Montesano; the Cloquallam River, E of Elma; and Mill 
Creek at Shelton. My specimens came from the fol- 
lowing stations: 1 (57), 2 (81), 4 (9), 13 (24), 114 (20), 
115 (10), 116 (30), and 121 (17). Also, 22 specimens 
were secured from a small unnamed creek, 2.9km W of 
Maytown, Millersylvania State Park, 30 June 1969; and 
15 were taken from a brook 11.2km N of Vancouver, 
Washington on 22 August 1970; and 7 from Scatter Creek 
at Tenino, Washington on the same day. 

This pleurocerid is restricted to portions of streams 
below the falls line, and most specimens are more or 
less typical for the species. However, the population at 
Millersylvania State Park -— on the southern extremity 
of the peninsula — have some characteristics which make 
them similar to Oxytrema plicifera (discussed below), 7. 
é., Straight rather than curved rib-sculpturing and larger, 
heavier shells. In the other populations discussed above, 
the ribs vary from very heavy to moderate, being crossed 
by spiral lines. These ribs usually stop short of the last 2 
to 24 whorls, but at stations 13 and 1 they are present on 
all whorls. The apex is eroded in most specimens, 4 to 10 
whorls remaining. As far as color is concerned, most shells 
are horn-yellow to yellowish brown, although they appear 
dark because of a dense black deposit. Most shells possess 
a revolving reddish-brown band near the suture and one 
within the aperture. 


Oxytrema (Juga) plicifera (Lea, 1838) 


Found in many of the larger streams of western Oregon 
and Washington; there are no records from the Olympic 
Peninsula. However, I have 55 specimens (5 August 
1969) from the South Nemah River at Nemah, Washing- 
ton, and 26 (5 August 1973) from the Sutton Creek cross- 
ing of U.S. 101, 9.6km N of Florence, Oregon. Although 
these shells resemble those of O. silicula, the aperture is 
more attenuate below, the ribs are strongly curved and 
scattered rather than being regularly arranged on the 
lower whorls, and the spiral threads are “beaded” where 
they cross the ribs. The two taxa are possibly conspecific, 
and if so, O. plicifera has priority. 
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VIVIPARIDAE 


Viviparus malleatus (Reeve, 1864) 


The native range of this introduced species probably in- 
cludes the Kuril Islands and Japan (ZHap1n, 1952). Not 
previously recorded from the peninsula, the 6 specimens 
listed here were secured by Tom Rice from Lake Leland, 
4.8km NW of Quilcene, Jefferson County, Washington. 


HypDROBIIDAE 


Although the most recent summary of this family is that 
of Wenz (1938-1944), Taytor (1966) presented some 
important taxonomic revisions, one of which applies to 
the fauna considered here. In erecting the new subfamily 
Lithoglyphinae, Taytor (9p. cit.) indicated that the pu- 
tative genus Fluminicola Stimpson, 1865 should be in- 
cluded in the genus Lithoglyphus Hartmann, 1821, and 
I follow his reasoning. 


Lithoglyphus virens (Lea, 1839) 


Reported from streams near Montesana (HENDERSON, 
1936). 


Lithoglyphus nuttalliana (Lea, 1838) 


Scatter Creek at Tenio; Cloquallum River, 35km E of 
Aberdeen; Mile Creek S of Shelton; a stream 8km E of 
Elma (HENDERSON, 1929a) ; Tumwater Falls at Olympia 
(HENDERSON, 1936). The following specimens were col- 
lected from 8 of my stations: 1 (14), 2 (6), 4 (3), 5 (3), 
114 (10), 115 (1), 116 (5), and 121 (13). In addition, 
13 specimens were collected from a small stream at Mil- 
lersylvania State Park (30 June 1970), 1 from Scatter 
Creek at Tenino (19 August 1970), and 6 from the South 
Nemah River at Nemah (5 August 1969). 


BASOMMATOPHORA 


LyYMNAEDAE 


Lymnaea humilis Say, 1822 


The principal literature sources are BAKER (1911) and 
Husenpick (1951). HenpErson (1936) recorded Lym- 
naea caperata Say, 1829 from “Olympia,” a species re- 
legated to the synonymy of L. humilis by Husenpicx (op. 
cit.). My collections contain 6 specimens from site 96. 
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Lymnaea emarginata Say, 1821 


Intimated by range (Husenpick, 1951). I collected 7 
specimens from a small pond 800m E of Maytown, 
Washington on 30 June 1969. The shells are very glossy, 
light horn-color and nearly transparent; marked by cross- 
hatched sculpturing. Measurements: 10.5-14.5mm in 
length, 7.0 - 9.0mm in diameter, with 43 - 5 whorls. The 
aperture measures 7.0 to 9.0mm in length and 4.5 - 5.8 
mm in greatest width. 


Lymnaea stagnalis (Linnaeus, 1758) 


Intimated by range (HuBENpick, 1951). 


Lymnaea bulimoides Lea, 1841 


Intimated by range (Husenopicx, 1951). 


ANCYLIDAE 


The most recent review of this family in North America 
is that of Bascu (1963), and I follow his work in assign- 
ing the following epithets. 


Ferrissia rivularis (Say, 1817) 


The following living specimens were collected from 3 
stations: 2 (3), 89 (7), 121 (4). Measurements: 3.3-5.0 
mm in length, 2.0 - 3.1mm in width. 


Ferrissia fragilis (Tryon, 1863) 


Bascu (1963) reported this species from Lake Isabella, 
Mason County, Washington, and Mr. ‘Tom Rice sent me 
3 specimens secured on 13 June 1963 from Lake Leland, 
4.8km NW of Quilcene, Jefferson County. Measurements 
of the latter specimens are: 3.0- 4.0mm in length, 2.0- 2.5 
mm in width. 


Ferrissia parallela (Haldeman, 1841) 


Very common in Lake Crescent, and 6 specimens were 
secured for the record at site 75. Measurements: 6.2 - 7.0 
mm in length, 4.0 - 4.4mm in width. 


PLANORBIDAE 
The principal reference for this family is Baker (1945). 


Helisoma occidentale (Cooper, 1870) 


Intimated by range (Baker, 1945), and reported from 
Lake Leland S of Sequim (HENDERSON, 1936). 
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Helisoma binneyi (Tryon, 1867) 


HENpDERSON (1929a), reporting specimens from Lake Le- 
land, 8km NW of Quilcene, indicated that the species 
probably occurred in most of the lowland lakes on the 
peninsula. However, I was unable to find it in any of the 
upland ponds and lakes visited. Mr. Rice sent me 2 well- 
preserved shells (14.0-17.5mm in diameter, 8.5 - 10.0 
mm in height, 34 and 4 whorls) from Rice Lake near 
Quilcene. 


Menetus cooperi F.C. Baker, 1945 


Although HEenpERson (1929a, 1936) reported Menetus 
opercularis (Gould, 1847) from a Skykomish River slough 
12.8km S of Quilcene, Lake Leland SE of Sequim, and 
from the Chehalis, Quilleute and Tumwater rivers, Ba- 
KER (1945) indicated that this species is restricted to 
California. The only species occurring in coastal regions 
from northern California to southern British Columbia 
is M. cooperi. The following specimens were collected: 
44 (4), 65 (19), and 92 (13). 


Gyraulus vermicularis (Gould, 1847) 


The specimens reported here are typical in sculpturing 
and shell shape of the Pacific Northwestern form: 26 (3), 
86 (13), 118 (1). Measurements: 6.3-6.5mm in dia- 
meter, 2.5 - 2.6mm in height, with 34 to 44 whorls. BRAN- 
son (1969) also reported this tiny snail from the mouth 
of the Lilliwaup River. 


PHYSIDAE 


This is, perhaps, one of the most perplexing groups of 
snails in America, since nearly all species have been based 
upon shell characteristics alone, characteristics which are 
in the main highly variable and unreliable. Despite this, 
however, I am able to recognize 2 categories or kinds of 
Physa in the Olympic Peninsular fauna. One type exhibits 
a relatively short spire, a gibbously inflated and shoul- 
dered body whorl — P lordi - and the second form 
with a small size, longer spire, and a shallower suture line 
— P ampullacea. 


Physa ampullacea Gould, 1865 


Specimens were collected from the following stations: 
1 (4), 13 (3), 70 (3). Tom Rice also sent 4 specimens 
from Rice Lake, near Quilcene, Jefferson County (18 
June 1963). Branson (1969) reported the species from 
the mouth of the Lilliwaup River, and HENDERSON 
(1929a) (as P gabbi Tryon, 1863) from a small slough 
8km NW of Quilcene, and from Lake Leland. Measure- 
ments: 13.0-18.7mm in length, 8.5-11.0mm in dia- 
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meter, 9.0 - 14.3mm in apertural length, 4.5 - 6.5mm in 
apertural width, with 34 - 54 whorls. 


Physa lordi Baird, 1863 


Thirteen living specimens were collected at station 4 and 
Tom Rice sent 3 additional ones from Lake Leland, 4.8 
km NW of Quilcene, Jefferson County. All of the shells 
have a twisted columella, and most of them are heavily 
infested with strigeid larvae. Measurements: 12.5 - 15.3 
mm in length, 8.0 - 10.9mm in diameter, 10.0 - 12.5mm 
in apertural length, 4.5 - 6.0mm in apertural width, with 
34 - 44 whorls. 


CarYCHIDAE 


Carychium occidentalis Pilsbry, 1891 


The following living specimens were collected: 10 (31), 
21 (6), 38 (23), 96 (26). In addition, 27 dead shells were 
secured from the lowlands near the mouth of the Duck- 
abush River (18 July 1969), and 5 from Second Beach 
near La Push, Olympic National Park, same date. Pils- 
bry reported the species from Rialto Beach, Port Angeles, 
Lake Crescent and Piedmont in Clallam County, and 
Brook Valley and Esperance, Snohomish County. 


STYLOMMATOPHORA 


HELMINTHOGLYPTIDAE 


Monadenia fidelis (Gray, 1834) 


Living specimens were secured from the following sites: 
6 (3), 8 (2), 9 (4), 10 (1), 11 (6), 12 (1), 18 (3), 27 (3), 
31 (1), 32 (1), 35 (2), 36 (3), 37 (1), 38 (2), 39 (1), 
exo (A))5 Hl (2) BB), B(@)), SI). Car (Ghh)s Ga (G@)\y 
70 (1), 92 (2), 95 (1), 96 (2), 102 (2), 103 (1), 105 (1), 
108 (1), 109 (1), and 1 from Sequim State Park (26 
June 1969). Literature reports include sites from near 
Olympia and 13km NW of Kelso (HENDERSON, 1929a), 
Port Angeles and Chehalis (Pmssry, 1939), and Hoh 
River Ranger Station (BRANson, Sisk « McCoy, 1966). 

The base varies from uniform chestnut brown through 
dark mahogany to black with a light yellowish band be- 
low or exactly on the periphery and a dark band above 
it. The growth striae are rough and widely spaced, and 
the lip reflection covers approximately } of the umbil- 
icus. The mantle is marked with a bold, rust-colored band 
and there are some sparse black reticulations behind the 
head. Adult shell measurements are: 20.8mm (16.5 - 23.8) 
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in height, 31.9mm (25.8-35.5) in diameter, 4.2mm 
(3.5-5.3) in umbilicus diameter, with 62 (6-62) 
whorls. 


CAMAENIDAE 


Megomphix hemphilli (W. G. Binney, 1879) 


This snail has often been confused with Haplotrema, al- 
though there are many conchological and soft anatomical 
differences. The following specimens were collected: 
Sn(1) e261 (L402 420 CINE 442) 48 (1 ey S20 Cn): 
54 (6), 67 (2), 94 (1), 105 (1), 113 (2). Also, 2 shells 
were secured from a site near the mouth of the Ducka- 
bush River (18 July 1969) and 1 from near the Quilcene 
River dam. HeNnpEerRSoN (1929a, 1936) and PitsBry 
(1946) recorded the species from Olympia. Measure- 
ments: 10.1mm (8.5 - 12.5) in height, 20.1mm (16.0 to 
28.6) in diameter, 4.1mm (2.7-6.0) in umbilical dia- 
meter, with 5 (44-6) whorls. 


PoLyYGYRDAE 


The principal authority for this family was Pitspry (1928, 
1940). : 


Triodopsis germana (Gould, 1851) 


Pirspry (1940) distinguished between forms occurring 
north and south of the Columbia River as Triodopsis 
germana vancouverinsulae (Pilsbry « Cooke, 1922) and T. 
germana germana (Gould, 1851), respectively, indicating 
that the differential characteristics did not intergrade in 
his materials. However, specimens from the southern, sea- 
ward portions of the peninsular area are sometimes im- 
perforate and are as densely hirsute as ones from Oregon. 
Specimens were collected from the following sites: 8 (1), 
12 (2), 13 (1), 16 (2), 18 (1), 19 (1), 36 (1), 37 (2), 
41 (2), 46 (1), 48 (2), 65 (1), 66 (2), 72 (1), 79 (1), 
82 (1), 87 (1), 88 (5), 99 (5), 100 (1), 102 (6), 104 (1), 
106 (1), 112 (2), 120 (1). Also, single living specimens 
were collected from Grays Harbor (27 July 1969) and 
Camp Collins 13km above the mouth of the Duckabush 
River (18 July 1969), and from Second Beach near La 
Push (27 July 1969). Two live specimens were secured 
from Cannon Beach, Oregon, just off U.S. highway 101 
(S August 1968). Measurements for the peninsular spe- 
cimens: 4.98mm (4.3 - 5.5) in height, 7.8mm (6.8 - 8.5) 
in diameter, with 44-51 whorls. The Oregon shells 
measured: 6.0mm in height, 8.5mm in diameter, with 
5% whorls, were paler in color, had dense periostracal 
hairs, and sparse melanin deposits in the soft parts. 


Allogona townsendiana (Lea, 1838) 


This species is nearly entirely restricted to extreme north- 
western Oregon near the mouth of the Columbia River 
and to the moister western portion of Washington and 
adjacent British Columbia (Pmssry, 1940). The distri- 
bution of Allogona ptychophora (Brown, 1870) lies to 
the north (British Columbia) and east in Alberta, east- 
ern Washington, Montana, Idaho and adjacent Oregon, 
although the species does extend westward along the Co- 
lumbia River (Pirspry, 1940; HENDERSON, 1929a). 
Allogona townsendiana brunnea Vanatta, 1924 is here 
considered as a synonym of A. townsendiana, since very 
dark individuals are found throughout the range of the 
species. Also, in my estimation, A. townsendiana is a more 
or less recent invader of the Olympic Peninsula, since it 
is restricted to peripheral areas, and is probably a deriv- 
ative of A. ptychophora. My specimens were collected 
from 4 stations: 3 (1), 6 (5), 12 (2), 37 (23). These 
specimens exhibited the following measurements: 18.4 
mm (16.5 - 20.5) in height, 28.2mm (26.5 - 31.5) in dia- 
meter, with 54 - 6 whorls. 


Vespericola columbiana (Lea, 1838) 


The literature on this species is rather confusing, partic- 
ularly where 2 or more so-called subspecies are reported 
from single localities. Hence, I have not attempted to 
diagnose races. However, I do believe that Vaspericola 
columbiana pilosa (Henderson, 1928) - the most prev- 
alent form on the Olympic Peninsula — is probably a 
distinct species. 

Records from the literature include: Olympia, Carna- 
tion, Centralia, La Push (HENDERSON, 1929a) ; near Sat- 
sop, Castle Rock, Stella, Olympia, Chehalis (HENDER- 
son, 1936); La Push, Rialto Beach, Port Angeles, and 
the “Olympic Mountains” (Pirssry, 1940). New records: 
1 (2), 8(5), 9(2), 10(3), 11 (1), 12 (1), 15 (2), 


17 (1), 18 (10); 19(1),.21 (2), 26. (3) 27 (4) asian 
32 (2), 33 (1), 35 (1), 37 (4), 38 (2), 40 (1), 41 (4), 
42 (2), 44 (1), 45 (6), 46 (4), 47 (2), 48 (6), 55 (2), 
58 (1), 61 (1), 63 (2), 66 (1), 70 (2), 72 (3), 73 (2), 
74 (1), 76 (2), 78 (8), 84 (1), 86 (1), 88 (6), 90 (2), 
91 (2), 92 (4), 94 (1), 96 (1), 99 (2), 100 (8), 102 (4), 
103 (2), 105 (2), 106 (4), 107 (1), 109.(2), 111 (2); 
112 (3), 117 (1), 118 (5), 119 (2); 2 from near Forks 


(25 July 1969), 1 from 0.5km E of Maytown (30 June 
1969), 1 from banks of South Nehah River, U.S. high- 
way 101 (5 August 1969), and 1 from Del Norte Red- 
woods State Park, 14.4km S of Crescent City, California. 
Measurements: 9.1mm (7.3-11.1) in height, 13.1mm 
(11.1 - 16.0) in diameter, with 54 - 64 whorls. 
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HaPLOTREMATIDAE 


Another taxonomically complicated family, mostly be- 
cause of inadequate anatomical investigation of western 
species. Detailed dissections shall doubtless reveal unde- 
scribed species in western Washington, particularly in the 
Haplotrema sportella complex. 


Haplotrema vancouverensis (Lea, 1839) 


Widely distributed from northern California to Alaska, 
this is a highly variable snail, particularly in coloration 
and shell sculpturing. Previous records from the peninsula 
include: Surprise Valley, Jefferson County (BRANSON, 
Sisk & McCoy, 1966), Clallam, Jefferson and Gray’s 
Harbor (Prrspry, 1946), Tillamook, Clallam and Olym- 
pia (HENDERSON, 1929a), and Clallam (H. B. Baker, 
1930a). New records: 3(1), 11 (2), 17 (1), 18 (6), 


19 (2), 20 (1), 22 (1), 26 (6), 27 (1), 30 (1), 31 (4), 
32 (3), 35 (2), 37 (7), 39 (2), 41 (3), 44 (2), 45 (2), 
47 (3), 55 (1), 59 (1), 65 (5), 69 (1), 70 (1), 72 (1), 
74 (1), 76 (4), 77 (1), 79 (4), 89 (5), 94 (1), a6 (1) 


1969), 3 from Sequim Bay State Park (25 June 1969), 
3 from Second Beach near La Push (27 July 1969), and 3 
from Del Norte Redwood State Park, 14.4km S of Cres- 
cent City, California (6 August 1969). 

The sides of the body bear diagonal rows of large, 
coarse granules, and the mantle behind the head is light 
tan, grading to a darker brown with lines and blotches; 
in Haplotrema sportella, the mantle is dead white and 
immaculate. Measurements: 11.4mm (7.0-13.5) in 
height, 22.8mm (13.6 - 28.5) in diameter, 5.6 (3.0 - 7.0) 
in diameter of umbilicus, 10.7 (6.3 - 13.9) in width of 
spire, with 44 to 6} whorls. 


Haplotrema sportella (Gould, 1846) 


Haplotrema sportella hybrida (Ancey, 1888) reported 
from Olympia, Pacific Beach and Clallam Bay by HEN- 
DERSON (1929a), should be investigated in order to de- 
termine its status, for, as indicated by Pmssry (1946), 
H. sportella is quite a variable species. Additional penin- 
sular records are: Spencer Forest Camp (BRANSON, 
1969), Moro Beach, Port Angeles, Olympia (PirsBry, 
1946), “eastern slopes of the Olympic Mountains,” Che- 
halis, Olympia, Satsop, Porter, Port Townsend (HENDER- 
son, 1936), Snohomish and Clallam counties (H. B. Ba- 
KER, 1930a), and along Hoh River and Olympia (HEN- 
DERSON, 1929a). New records: 2 (1), 6(7), 8 (19), 
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10 (1), 15 (2), 16 (2), 18 (12), 19 (4), 19 (2), 21 (2), 
24 (1), 26 (3), 27 (5), 31 (3), 34 (4), 35 (2), 36 (1), 
37 (3), 38 (2), 40( 3), 42 (2), 44 (10), 45 (3), 46 (4), 
48 (4), 58 (3), 62 (1), 63 (4), 65 (3), 66 (1), 70 (7), 
72 (7), 73 (4), 74(1), 76 (1), 78 (6), 81 (3), 82 (2), 87 (3), 
88 (8), 89 (2), 90 (2), 91 (3), 92 (4), 95 (2), 96 (5), 
99 (1), 100(1), 101 (1), 102(2), 104(1), 105 (6), 


108 (1), 109 (3), 113 (1), 114 (2), 122 (1), and the fol- 
lowing: 8 from Sequim Bay State Park (25 June 1969), 5 
from 8km SW of Forks via U.S. highway 101 (25 July 
1969), 1 from Second Beach near La Push (27 July 1969). 
There is some very light tan stippling on the head, but 
bold, dark markings are lacking on the mantle. Measure- 
ments: 7.4mm (4.5 - 10.5) in height, 15.3mm (8.0 - 21.5) 
in diameter, 4.1mm (2.5 - 6.0) in umbilical diameter, 8.0 
mm (4.2-11.5) in spire width, with 4+ - 62 whorls. 


ZONITIDAE 


Euconulus fuluus (Miller, 1774) 


Not common on the Olympic Peninsula, even in the 
mountains. Records: 97 (2), 98 (1), 103 (4). Measure- 
ments: 2.15 - 2.68mm in diameter, with 44 - 52 whorls. 


Oxychilus draparnaldi (Beck, 1902) 


This and the next species, both exotic to North America, 
have achieved a relatively wide distribution (DUNDEE, 
1969, 1974; Hanna, 1966). Although not previously re- 
ported from the Olympic Peninsula, Oxychilus drapar- 
naldi (native to Europe and adjacent Africa) has been 
recorded from Seattle (Pirspry, 1946). Eight immature 
specimens, measuring 4.0- 6.8mm in diameter and pos- 
sessing 34 to 44 whorls, were collected at station 85. The 
shells are very pale amber and nearly transparent; the 
aperture is very oblique, the last whorl being much wider 
than the preceding one. 


Oxychilus alliarius (Miller, 1822) 


A single specimen of this European exotic species was col- 
lected on 18 July 1969 from the lid of a garbage can, 8 
km above the mouth of the Duckabush River, in a Nation- 
al Forest campground. The shell measures 5.3mm in 
diameter, 2.7mm in height, 1.1 mm in umbilical diameter, 
and has 44 whorls. Not previously reported from the pen- 
insula. 


Retinella electrina (Gould, 1841) 


Two specimens from station 70 at 1200m elevation. A 
poorly understood species in the Pacific Northwest. 
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Retinella binneyana occidentalis H. B. Baker, 1930 


There may be a complex of species included under this 
designation, since some of the animals are much paler 
than others. However, this may also be an edaphic or 
ground-temperature effect, or both. The species was re- 
ported previously from Clallam and Snohomish counties 
(Pitspry, 1946), and I have it from the following locali- 
ties: 16 (1), 102 (4), 103 (3), 105 (2). Measurements: 
3.6mm (2.3 -6.0) in diameter; 3 - 4 whorls. 


Pristiloma Ancey, 1886 


This genus is strictly western in distribution, in the Pacific 
Coastal region from southern Alaska to California, Mon- 
tana and Utah; one species apparently lives in Japan 
(Pirspry, 1946). The principal reference is H. B. BAKER 
(1931). 


Pristiloma stearnsi (Bland, 1875) 


Previously reported from Olympia (Dat, 1910; Hen- 
DERSON, 1929a) and Clallam and Lake Quinault and 
Olympia (Pirssry, 1946). Four of my collecting stations 
yielded the following: 27 (1), 54 (3), 59 (1), 105 (1). 


Pristiloma arcticum (Lehnert, 1884) 


Distributed from Alaska to northern Oregon, this is 
mostly a high-country snail. It is a relatively common 
species near the timberline on mounts Rainier, Baker and 
Adams on mainland Washington. Records: 24 (1), 26 (4), 
1 (3), O7 (C1), 9 C5 ALG), Vo (GNs D7 (2), GB (MY), 
103 (1), and from Second Beach near La Push (27 July 
1969), 5 from near the mouth of the Duckabush River 
at U.S. highway 101 (18 July 1969). Measurements: 
1.4mm (1.1-2.1) in height, 2.3mm (1.8-3.5) in dia- 
meter, with 32 to 54 whorls. 


Pristiloma lansingi (Bland, 1875) 


Apparently the most common Pristiloma on the penin- 
sula. Previously recorded from Clallam County (HENDER- 
son, 1936) and Snohomish County (Pirspry, 1946). 
New records: 17 (1), 44 (12), 89 (4), 92 (3), 96 (11), 
102 (5), 108 (1), and 1 from Forks (25 July 1969). 


Pristiloma johnsoni (Dall, 1895) 


The only peninsular record for this species is that of 
HENDERSON (1936), repeated by Pirspry (1946), from 
Clallam County. New Records: 19 (2), 54 (6), 103 (2). 


Pristiloma wascoense (Hemphill, 1911) 


Not previously reported from Washington. A single living 
specimen from station 59 at 1540m elevation seems 
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closer to this species than any other. It measures 1.3mm 
in height, 2.2mm in diameter, 0.24mm in umbilical dia- 
meter, and has 32 whorls. 


Hawaztia minuscula (Binney, 1840) 


Although not previously reported from Washington, prin- 
cipally because of inadequate collecting, this species is 
not uncommon in adjacent British Columbia (Pitssry, 
1946, and others). A single dead shell collected from sta- 
tion 44. 


Zonitoides arboreus (Say, 1816) 


Although this species reaches relatively high altitudes in 
many western latitudes (RayMonp, 1892; Cooprr, 1892), 
it is not particularly common on the englaciated slopes of 
the Olympic Mountains, although it is one of the few 
species found at and above the timberline. Specimens 
were collected from these sites: 26 (4), 27 (3), 51 (8), 
52°(1), 68) (3) 69 (2) S8N(2), 975 (Loon 2 eno zacen 
103 (1), and 11 from a low-lying swale 3.2km NE of La 
Push (28 July 1969). 


Striatura pugetensis (Dall, 1895) 


“Many places in Clallam, King, Pacific, Pierce and Sno- 
homish counties” (Pirspry, 1946). Also see discussion 
under Radiodiscus below. 


Vitrina alaskana Dall, 1905 


Found only at a few localities at high elevations: 50 (1), 
Bt (UD), SY (S)j5 GO (©), G7 (GZ), GSB ()). 


ENDODONTIDAE 


Discus cronkhitei (Newcomb, 1865) 


There is a great paucity of records for this species in 
Washington (Pirssry, 1946), and there are apparently 
no previous reports from the Olympic Peninsula. My spe- 
cimens were collected from 2 stations only: 26 (5) and 


295(3))r 
Punctum randolphi (Dall, 1895) 


Previously reported from Lake Crescent, Port Angeles and 
Esperance (Pitspry, 1948). New records: 29 (1), 44 (1), 
96 (2). Measurements: 0.87mm (0.8-0.92) in height, 
1.31mm (1.2 - 1.44) in diameter, 0.24mm (0.21 - 0.28) 
in umbilical diameter, with 332 to 4 whorls. 


Punctum conspectum (Bland, 1865) 


Reported previously only from Snohomish County (Pits- 
BRY, 1948). New record: dead shell from station 78. 
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Radiodiscus hubrichti Branson, 1975 


Drs. Wayne Grim and Alan Solem believe this to be a 
species of Striatura rather than Radtodiscus. However, 
until the soft parts are examined more fully, because of 
the shell size and sculpture characteristics (BRANSON, 
1975), it seems best to leave its status quo for the time 
being. The following sites are reported here: 16 (1), 
44 (1), 64 (5), 70 (1), 71 (2), 92 (1), 96 (7), 102 (2), 
103 (2), and 1 from Second Beach near La Push (27 July 
1969) and 2 from near the mouth of the Duckabush 
River (18 July 1969). 


PUPILLIDAE 


Pupilla hebes (Ancey, 1881) 


Probably the most abundant snail at and above the tim- 
berline, where it utilizes creeping phlox colonies as the 
principal habitat. Heretofore unrecorded from the pen- 
insula. Records: 49 (45), 96 (1), 97 (13), 98 (11). 


Vertigo columbiana Sterki, 1892 


Probably a synonym of Vertigo ventricosa (Morse, 1865), 
this form was previously reported from Lake Quinault 
and Olympia (HENpErson, 1929a; Prssry, 1948). New 
records: 54 (3), 95 (1), 96(1), 102 (2), and 2 from 
Second Beach near La Push (27 July 1969). 


Vertigo andrusiana Pilsbry, 1899 
Not seen by me. Reported from Lake Quinault, Chehalis 
County (HENDERSON, 1929a; Prssry, 1948). 
Vertigo modesta (Say, 1824) 


Vertigo modesta is probably a complex of species. In fact, 
the genus is badly in need of thorough revision. Records: 
92 (2), 96 (3), 103 (6). 


Columella alticola (Ingersoll, 1875) 


Not heretofore reported from Washington. Three speci- 
mens from station 56. Measurements: 2.6mm (2.5 - 2.8) 
in height, 1.5mm in diameter, with 52 to 63 whorls. 


VALLONIDAE 


Vallonia cyclophorella Sterki, 1892 


Not previously reported from the peninsula, although it is 
a relatively common species around Walla Walla (Pis- 
BRY, 1948). Five specimens collected near the mouth of 
the Duckabush River (18 July 1969). 
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Planogyra clapji (Pilsbry, 1898) 


Previously reported from Brook Valley and Esperance, 
near the mouth of the Quillaute River, Boundry Creek, 
Crescent Lake and Piedmont (Pitssry, 1948). New rec- 
ords: 44 (7), 96 (3), 102 (1). Measurements: 1.2mm 
(1.06 - 1.46) in height, 1.9mm (1.7-2.2) in diameter, 
with 33 to 32 whorls. 


THE SLUGS 


I have purposely saved the discussion of the slugs until 
last because of several interesting distributional and bio- 
logical problems. For one thing, the exotic slug element 
is practically as large as the known native fauna, not only 
on the Olympic Peninsula, but in coastal Washington in 
general. Thus far, 8 species of European origin have been 
catalogued, a massive number when one considers the 
nation as a whole. The principal mechanism of slug im- 
portation is through the distribution of plant materials. 
But regardless of how they got there, the ecology of exotic 
slugs on the peninsula is intimately associated with the 
distribution of refuse dumps. As many as 50 specimens of 
6 different species were observed at a single site. Further- 
more, because of the Mediterranean-like environment of 
much of the peninsula, these introductions are truly un- 
fortunate, and for several reasons. 

Native American slugs seldom produce huge aggrega- 
tions, being more or less solitary in their habits. Usually, 
such species are integrated parts of well-established com- 
munities, being held in check by predators, parasites, food 
distribution, etc, and there are few reports of these spe- 
cies producing extensive damage to the human environ- 
ment. The exotic species, in contrast, their natural control 
agents being left behind in the country of origin, very 
often produce superpopulations which upset natural bal- 
ances in communities. Every organism in such communi- 
ties may be directly or indirectly affected: the native and 
more or less well-regulated slugs may be out-competed, 
and vegetation essential to the well-being of many other 
animals may be adversely affected; food chains may be 
interrupted. Moreover, although slugs have not been 
shown to harbor human parasites, these creatures may act 
as intermediate hosts for the parasites of important wild- 
life and domestic animals. Any time massive populations 
of slugs develop, such as those described for Arion ater 
(Hanna, 1966), wildlife experts and agriculturists should 
be alarmed. It is difficult to imagine, however, what 
measures can be taken to really control these pests. Being 
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nocturnal and burrowing or otherwise secretive by day, 
many of the exotic slugs are nearly impossible to elimi- 
nate once they become established. Compounding the 
problem is the fact that we have only meagre informa- 
tion with regard to their overall distribution in North 
America (CHICHESTER & GETZ, 1969). 

Although many of the exotic species have been im- 
pugned for their destructiveness to agricultural and horti- 
cultural products, Avion ater is one of the worst molluscan 
pests in North America (Hanna, 1966). A native of 
central and northern Europe, this species apparently first 
entered western North America in the region of Puget 
Sound. As an index to how destructive the slug can 
become, it has been estimated that during some years it 
damages over 75% of the Washington strawberry crop 
(HANNA, op. cit.). 

Arion ater is a highly polymorphic species, varying from 
deep black to bright orange, with many intermediates 
between the extremes. Since these color patterns are 
genetically determined, CHICHESTER & Getz (1969) ex- 
plained homogenous color populations of A. subfuscus, 
a related species, in eastern North America as being de- 
rived from single initial introductions. Conversely, the 
presence of various color patterns in a single population 
would indicate repeated introductions. In the-case of the 
Olympic Peninsular populations, the high incidence of 
color pattern variation seems to indicate many introduc- 
tions. A variation of this hypothesis is utilized to explain 
a similar pattern of variation in two native species. How- 
ever, in order to properly interpret the origin of the native 
slug fauna, particularly the relicts and re-invaders, one 
must first understand that these species have a very an- 
cient lineage. In general, the distribution of snails is 
very closely tied to plant geography, both in time and in 
space. 

There is, for example, clear evidence for the existence 
of a nearly continuous and more or less homogenous 
forest during the warmer and moister portions of Meso- 
zoic times in America. During this period, molluscan ele- 
ments were able to invade North America from Asia via 
the Bering land bridge, and northern forms penetrated 
southward into Mexico. Likewise, southern elements 
moved northward. This resulted in a mixing of northern 
and southern floras and faunas along the western margin 
of the American continent. Near the end of the Creta- 
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ceous and the beginning of the Eocene, a drying trend 
developed, allowing an expansion of dry-adapted organ- 
isms northward, but these were again deflected toward the 
south during early Pliocene times as moister conditions 
resumed. During late Pliocene times, with the progressive 
loss of summer rainfall, the southern and northern floras 
became segmented and, in the main, they have remained 
separated to the present. 

The distribution of several groups of western American 
animals makes sense only when viewed against known 
botanical information. For example, the isolation, di- 
vergence and development of 2 distinct although related 
plethodontid salamander faunas — one in coastal Wash- 
ington, Oregon and northern California, the other in 
Mexico, Central America and northern South America — 
is explained by the presence of a continuous forest and its 
later partitioning by the intervention of a broad tract of 
arid land between them. 

Under the primal conditions of the Miocene forest, the 
terrestrial gastropod fauna was probably a widespread 
one. That Asian elements were actually able to penetrate 
into North America is attested by the fact that the near- 
est relative of the western American slug genus Prophysa- 
on is found in east and central Asia (Pirssry, 1948). The 
movement of southern forest northward during dry peri- 
ods stimulated the expansion of southern slugs. During 
one such period, members of the very primitive slug 
genus Binneya migrated northward as far as Washing- 
ton, Idaho and southern Canada. The 2 living species of 
Binneya are primitive in retaining a relatively large ex- 
ternal and slightly spiral shell, hinting, of course, at their 
normally coiled ancestral stock. Following partitioning 
of the forest in northern and southern components, Bin- 
neya became isolated in the south, the range now being 
restricted to Santa Barbara Island off California, and a 
small segment of southern Baja California. The northern 
form, the cold-adapted derivative genus Hemphillia, un- 
derwent divergent evolution in Montana, southern Cana- 
da, Oregon and Washington. Five species of this odd slug 
are known, 2 of them being characteristic of the Olympic 
Peninsula. In these species, the shell is no longer spiraled; 
it has, instead, been reduced to an external flat plate. 

In conjunction with forest movements, knowledge of 
Pleistocene glaciation is useful in accounting for the de- 
velopment of several of the molluscan specialties of the 


Explanation of Figures 2 and 3 


Figure 2: Color Variation in Ariolimax columbianus (Gould, 1851). 
Specimens from a single locality on the Olympic Peninsula. 


Figure 3: Prophysaon obscurum Cockerell, 1890, a species of the 
high slopes of the Olympic Mountains. 
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Washington landscape. The build-up and movement of 
the continental icemass into Washington deflected large 
segments of the slug fauna southward and left other seg- 
ments isolated on the slopes of the Olympic Mountains. 
As the ice retreated, reinvasion from the south occurred, 
and the 2 segments of the fauna were able to re-establish 
contact. 

Several of the slugs isolated on the Olympic Peninsula 
from the main body of the fauna, as mentioned above, 
underwent evolutionary divergence, becoming distinct 
from their congeners on the mainland. Hemphillia drom- 
edarius, H. burringtoni and Prophysaon obscurum are ex- 
amples of slugs which, although closely related to main- 
land forms, are sufficiently different to be regarded as dis- 
tinct. Two of these species show, in their behavior and eco- 
logy, the indelible results of long-continued association 
with cold climates and ice. Prophysaon obscurum (Figure 
3) lives only on the high slopes of the mountains, usually 
near the timberline where snow does not melt until late 
summer, and where it comes early in the fall. Hemphillia 
dromedarius is a very-cold adapted slug. Most of the gla- 
ciers on the peninsula are retreating up the mountains, and 
this peculiar little animal invades liberated slopes and 
valleys as fast as plants become established. 

Re-invasion of the Olympic Peninsula lowlands follow- 
ing removal of glacial ice allowed contact between 2 
previously isolated segments of the slug fauna. Peninsular 
populations of Prophysaon foliolatum and Ariolimax co- 
lumbianus are at least as variable in color pattern as their 
distant European relatives in the genus Arion. 

Ariolimax columbianus (Figure 2), one of the largest 
slugs in the world, varies from dead white through lemon- 
yellow to light tan, dark brown, and nearly entirely black 
(CocKERELL, 1891b; Meap, 1943; Pitspry, 1948; Pits- 
BRY & VANATTA, 1896). The body is most often maculated 
or spotted with black, but in the very pale specimens such 
spots are often Jacking. Such color variations as these 
prompted early taxonomists to describe each variation 
as a new species and, to a large degree, this type of 
thinking has carried over into relatively recent times. In 
the southern range of Ariolimax, several color patterns 
exist here and there as more or less isolated colonies. 
Some of these forms have been referred to as “species.” 
However, in view of the fact that the variation extremes 
of A. columbianus on the Olympic Peninsula include 
practically all of these southern types raises the suspicion 
that some of those forms bear unnecessary names. The 
southern colonies possibly represent the extremes to which 
Ariolimax fled during the glacial epochs; some are relicts. 

In this regard, it must be remembered that Pleistocene 
glaciation did not occur as a single impulse. Instead, there 
were several incidents of ice buildup, each impulse being 


separated from the next by a warm interglacial period 
during which the ice masses retreated. These ideas mesh 
very nicely with the observations of CHICHESTER & GETZ 
(1969) in Arion. The extreme southern populations, 7. e., 
the uniformly colored ones, probably indicate derivation 
from single initial invasions, whereas the highly variable 
populations indicate the effects of repeated isolation and 
re-establishment of contact correlated with glacial and 
interglacial epochs. 

A very similar pattern of variation is seen in the beauti- 
ful slug, Prophysaon foliolatum (Puspry, 1948; Pirs- 
BRY & VANATTA, 1898; BINNEY & BLAND, 1869). The 
usual color pattern is a yellowish or golden wash over 
black or brown with a light stripe down the back and 
several dark brown streaks and spots. However, collec- 
tions from a single leaf of skunk cabbage, a very impor- 
tant food item in this species’ diet, at Calaloch Beach 
demonstrates variation from very pale yellow without 
markings to dark rust or brown. 

Peninsular slugs are not only interesting because of 
their importance to theoretical distribution problems and 
ecological associations, but they also offer a great deal of 
basic study because of their biology and behavior. Many 
of the most interesting aspects of slug behavior involve 
survival in the face of adversity. Ariolimax, for example, 
insures continuity of the species by having .developed a 
rather long reproductive period, ranging from late fall 
through early summer, a period which is coincidental with 
the wet months. During this time, several clutches of eggs 
are deposited in small depressions in the ground, each 
clutch consisting of 15 to 35 eggs (Meap, 1943). Thus, 
freshly hatched slugs may be observed during all seasons 
of the year except during the relatively dry months of 
late July, August and early September. During these 
months, Ariolimax seeks shelter in rock crevices or be- 
neath stones and logs. The slug can survive in a torpid 
state for over 3 months, a very definite advantage. 

Prophysaon, on the other hand, avoids desiccation, or 
freezing in the highlands, by aestivating or hibernating 
inside decaying logs. Above 1200m, this slug may remain 
secluded for as long as 6 or 7 months. 

Another interesting phenomenon in Prophysaon is the 
practice of selfamputation of the posterior one-third or 
so of the body following rough handling (Pirssry, 1948; 
Pirspry & VanaTTa, 1898; and others). In life, the tail 
bears an oblique constriction which indicates the position 
where amputation occurs. During manipulation, the con- 
striction gradually deepens until the tail simply drops off. 
The tissues surrounding the excised area roll inward to 
close off the body. Specimens kept in the laboratory in 
terraria completely regenerate the tail during approxi- 
mately 5 weeks. This trait is not shared with any other 
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American slug nor, in fact, with many slugs in the rest of 
the world. Although the physical and chemical reactions 
underlying the process have not been studied in order to 
determine the exact mechanism of the excisive act, it 
seems highly likely that such self-amputation is a predator 
escape mechanism. 

A third and even more striking example of a predator 
avoidance mechanism is demonstrated by the species of 
Hemphillia. At rest, the slug wraps its long slender tail 
forward around the body, usually in a counterclockwise 
fashion. When molested, the animal violently swings the 
tail back and writhes and twists. Specialized muscles 
along the sides of the body are used to accomplish the 
movement, a motion so strong that the slug often “jumps” 
an ‘inch’ or so during its performance. This activity 1s 
quite obviously an important startle reaction used to avoid 
predators such as the omnipresent shrews, predaceous 
beetles and Haplotrema. Similar processes are unknown 
in any other arionid slug and are lacking in all American 
snails. However, Karl Semper observed a similar behavior 
in some Philippine slugs, and Pilsbry mentioned a “leap- 
ing” behavior in a snail from the Marquesas Islands 
(Pirssry, 1948). 

The slug fauna of the Olympic Peninsula, then, re- 
flects in a very vivid way interesting moments in time and 
space. The peninsula is really an ecological island which, 
because of an abundance of moisture, the protection of 
rugged mountains, and the ameliorating influence of the 
warm Japanese current, has retained much of its original 
molluscan fauna. The large number of slugs, contrasted 
with a relatively depauperate fauna of shell-bearing 
snails, is in part a reflection of coniferous forest dynamics. 
The forest floor is normally considerably acid, which 
means that it is a poor habitat for many testaceous spe- 
cies. Such forms are mostly restricted to bottomlands 
along streams where hardwoods abound, and to moun- 
tain slopes above the timberline. Thus, competition for 
niches in the forest is mostly between slugs. This has, per- 
haps, stimulated adaptive radiation on the Olympic Pen- 
insula, which would partly account for the large fauna. 


Deroceras reticulatum (Miller, 1774) 


Dissection of the genitalia verifies the diagnosis (ELuIs, 
1967) of this European exotic species. Records: 1 (2), 
4 (2), 14 (6), 20 (3), 34 (2), 58 (1), 83 (16), 85 (2), 
88 (1), 100 (2), 110 (3), and 3 from a trash heap 3.2km 
NE of La Push (28 July 1969). Measurements: 17.7mm 
(12.0 - 23.5) in length, 2.7mm (1.8- 3.0) in foot width. 


Deroceras caruanae (Pollonera, 1891) 


Not known from Washington. However, since RoLLo & 
WE.uncTon (1975) recently collected specimens from 
nearby British Columbia, collectors should be aware of 
its possible presence. 


Deroceras laeve (Miller, 1774) 


Generally considered as native (RoLLto & WELLINGTON, 
1975), this small slug is widely distributed in North Amer- 
ica (Pmsspry, 1948). Records: 1 (2), 4(1), 14(1), 
20 (2), 34 (1), 58 (6), 73 (1), 83 (2), 85 (1), 88 (1), 
99 (1), 100 (2), 110 (1), and 2 from a trash heap 3.2km 
NE of La Push (28 July 1969). 


Deroceras monentolophus Pilsbry, 1944 
Reported from Seattle (Pizssry, 1948) 


Deroceras hesperium Pilsbry, 1944 


The 3 specimens from stations 65 (2) and 83 (1) seem 
closer to this species than to any other. In all 3, the color 
is light brownish with scattered light spots, and the pneu- 
mostome is surrounded by a pigmentless halo. Measure- 
ments: 18.7mm (17.5 - 20.0) in length, 3.3mm (2.8 - 3.8) 
in foot width, and 5.8mm (5.0 - 6.5) from anterior tip of 
mantle to anterior edge of breathing pore. 


Limax (Lehmannia) marginatus Miller, 1774 


Not previously recorded from the peninsula. I follow 
Burcu (1960) in using this epithet. Records: 14 (10), 
102 (1). In all specimens, the dark brown bands are 
boldly developed on the mantle but weakly so on the 
body. The pneumostome is located in the posterior quar- 
ter of the mantle, and the foot is definitely tripartite. 


Limax maximus Linnaeus, 1758 


No previous records from the peninsula. Records: 87 (1), 
88 (3), 100 (4), 110 (2), and 3 from a trash heap 3.2km 
NE of La Push (28 July 1969). Young specimens (30 - 40 
mm) are often marked by 3 bold bands, but these break 
up into longitudinal series of large black spots with an 
increase in length. — 


Limax flavus Linnaeus, 1758 


Not previously recorded from most of Washington. How- 
ever, this is a relatively common slug in coastal Washing- 
ton and, although RoLto & WELLINGTON (1975) did not 
find specimens in Vancouver, I have observed it in por- 
tions of British Columbia, including Vancouver Island. 
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Records: 1 (2), 4 (1), 14 (6), 20 (2), 34 (1), 58 (2); 
83 (2), 85 (1), 88 (3), 100 (2), 110 (3). 


Milax gagates (Draparnaud, 1801) 
Not reported from the peninsula, but should be expected 
there since Pmspry (1948) recorded it from Seattle. 


ARIONIDAE 


Some important references in this family of destructive 
slugs include Barnes & WEIL, 1945, GeTz & CHICHESTER 
(1971), Cuicuester & Getz (1973), Hanna (1966), 
Meap (1943), Pussry (1948) and Quick (1949). 


Arion ater (Linnaeus, 1758) 


Approximately a 1:1 ratio between black and orange or 
yellow forms on the Olympic Peninsula. Prssry (1948) 
and Barnes « Wei (1945) present good discussions of 
color variation in the species, and Peck (1920) reported 
a nearly pure white color form. This is an extremely de- 
structive slug and, although there are few published rec- 
ords from Washington, an exceptionally abundant popu- 
lation occurs along the coast on the mainland (unpub- 
lished data) and in coastal British Columbia (RoLLo & 
WE LuincToN, 1975). A European exotic species. Rec- 
ords: 6 (5), 25 (1), 36 (3), 83 (16), 85 (28), 100 (2), 
102 (2), 106 (2), 110 (13), 111 (1), 115 (4), and 18 
from a trash heap 3.2km NE of La Push (28 July 1969), 
2 from Bush Pacific State Park (5 August 1969). The 
last 2 specimens were extruding eggs when captured. 
Measurements: 38.7mm (20.5 - 61.0) in length. 


Arion hortensis Férussac, 1819 


Reported from greenhouses in Seattle (Pmssry, 1948) 
and from British Columbia (RoLLo & WELLINGTON, 1975), 
where it is potentially an agricultural pest. Collections: 
6 (15), 14 (1), 83 (1), 85 (4), 105 (3), and 5 from a 
trash heap 3.2km NE of La Push (28 July 1969). 


Arion circumscriptus Johnston, 1828 


The specimens reported here are of the dark variety dis- 
cussed by CuicHESTER & Getz (1973). The foot is not 
tripartite, and the bands on the mantle produce a lyre- 
shaped configuration. The entire slug, except the dead- 
white sole, is dark gray. Collections: 14 (2), 85 (5), 
110 (1). 


Prophysaon Bland & Binney, 1873 


This relatively complicated genus of slugs is still poorly 
understood, biologically as well as taxonomically. The Pa- 
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cific Northwest is obviously a speciation center for several 
endemic groups of mollusks, one of which is this genus. 
Although the nearest relative of this genus is in East Asia 
(Watpén, 1963), Wess (1961), on the basis of weak 
mating evidence, suggests that Prophysaon is related to 
the polygyrid genus Ashmunella. 


Prophysaon andersoni (J. G. Cooper, 1872) 
(including “Phenacarion hemphilli” of Binney, 1890) 


A relatively common slug from California to Alaska 
(Hann & INcRam, 1950). The pneumostome lies in the 
anterior one-half of the rather granular mantle on the 
right side. The body granules of the tail portion are not 
elongated but more or less oblongly rounded. The tail 
pit is closed, and the amputation groove is often poorly 
developed. Previously reported from Chehalis, Port 
Townsend, Olympia and Gray’s Harbor (HENDERSON, 
1929a; Prrssry, 1948) and Kalama (Pmssry & VANaT- 
TA, 1898). New records: 14 (4), 44 (1), 82 (1), 83 (1), 
88 (3), 100 (1), 106 (2). Measurements: 17.3mm (12.5 
to 28.0) in length, 2.9mm (2.3-4.8) in foot width, 
9.1mm (7.1-11.0) in length of mantle, 3.96mm (3.5 
to 4.6) from anterior tip of mantle to pneumostome. 


Prophysaon foliolatum (Gould, 1851) 


One of the most interesting slugs in North America, 
growing to over 100mm while in motion. As indicated by 
various authors, the tail is sharply demarked from the rest 
of the body by an oblique groove, indicating the region 
where self-amputation occurs. Records: 16 (1), 18 (1), 
19 (1), 28 (4), 53 (4), 59 (1), 82 (2), 85 (1), 99 (58), 
101 (1), 103 (1), 110 (1), 120 (1), 6 at Second Beach 
near La Push, and 8 at South Nehah River at Nemah. 
Literature records: Olympia, Gray’s Harbor, Discovery 
Bay (HENDERSON, 1929a) ; Spencer Forest Camp (Bran- 
son, 1969) ; Lake Quinault, 8km SW of Port Townsend 
(Prtssry, 1948); and Chehalis (Pmssry «& VANATTA, 
1898). Proportional measurements are presented in Table 
i 


Prophysaon coeruleum Cockerell, 1890 


Although reported from Olympia (type locality) by 
HENDERSON (1929a) and Datt (1910), I did not secure 
slugs with the characters of this species. 


Prophysaon dubium Cockerell, 1890 


Reported from Olympia (type locality) by Pimssry 
(1948). Probably only a variant of Prophysaon andersoni. 


Page 328 


Table 1 


Proportional Measurements in Prophysaon foliolatum. 
1, foot width/total length; 2, Anterior tip of Mantle 
to Pneumostome/Tail Length; 3, Tail Length/Total 
Length. Tail Length Measured from Posterior Tip to 
Diagonal Groove. 
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Collecting 
Station 1 2 3 

99 0.09 0.15 0.37 0.80 0.36 0.35 
99 0.13 0.12 0.48 0.54 0.43 0.30 
99 0.13 0.13 0.54 0.67 0.36 0.31 
99 0.11 0.12 0.51 0.56 0.31 0.15 
99 0.12 0.13 0.50 0.92 0.35 0.34 
99 0.13 0.12 0.58 0.44 0.33 0.37 
99 0.10 0.13 0.41 0.46 0.36 0.30 
99 0.13 0.11 0.68 0.64 0.31 0.32 
99 0.11 0.12 0.41 0.49 0.37 0.32 
99 0.11 0.14 0.44 0.50 0.34 0.36 
99 0.12 0.13 0.56 0.51 0.33 0.33 
99 0.14 0.14 0.48 0.48 0.36 0.36 
99 0.13 0.13 0.48 0.51 0.39 0.30 
99 0.13 0.12 0.53 0.62 0.32 0.41 
99 0.14 0.12 0.50 0.42 0.33 0.31 
99 0.13 0.15 0.60 0.50 0.27 0.33 
99 0.11 0.12 0.48 0.50 - 0.35 0.44 
99 0.14 0.12 0.38 0.59 0.29 0.35 
99 0.10 0.12 0.77 0.48 0.32 0.31 
99 0.16 0.12 0.61 0.65 0.38 0.28 
99 0.12 0.12 0.35 0.62 0.37 0.34 
99 0.12 0.12 0.45 0.50 0.30 0.39 
99 0.14 0.14 0.63 0.38 0.24 
53 0.14 0.17 0.63 0.60 0.18 0.19 
53 0.16 0.16 0.53 0.52 0.17 0.16 

Second Beach 0.09 0.10 0.43 0.45 0.31 0.45 

Second Beach 0.12 0.12 0.39 0.44 0.37 0.32 

Second Beach 0.11 0.15 0.40 0.44 0.34 0.24 


Prophysaon obscurum Cockerell, 1890 
(Figure 3) 


Originally described as a variety of Prophysaon fascia- 
tum Cockerell, 1890 from California, this form is here 
considered as a full species. Reported from Chehalis by 
PitsBry & VANATTA (1898). Mostly with a rather nar- 
row penis and thin vagina. The sole varies from sooty gray 
to dark gray with white flecks, its edges being glistening 
black; tail tapering, black; mantle profusely mottled, 
black over yellowish, or finely reticulated; pneumostome 
round and in the anterior one-third of the mantle on the 
right. An indistinct, submarginal longitudinal band on 
each lateral margin of the mantle which curves around 
to the posterior but does not meet the band from the op- 
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posite side; tentacles dark gray to black; sides of head 
and face gray to yellowish-gray; back with large granules 
that vary from rusty to yellowish-gray. A longitudinal 
black band on each dorsolateral side of the body, and a 
more or less obscure median bar or wedge. Slime pale 
yellowish when disturbed, clear when in motion. Possibly 
only a variation of the next species, although the genitalia 
seem sufficiently different to consider the species distinct. 
For proportional measurements see Table 2. 


Table 2 


Proportional Measurements in Prophysaon obscurum 
from Blue Mountain at 1660 m elevation. 1=foot width/ 
total length; 2=anterior tip of mantle to pneumostome/ 

tail length; 3=tail length/total length 


1 2 3 
0.12 0.61 0.27 
0.13 0.83 0.25 
0.15 0.67 0.27 
0.13 0.61 0.32 
0.13 0.56 0.27 
0.12 0.90 0.20 
0.13 0.84 0.23 
0.14 0.73 0.25 
0.14 0.73 0.25 
0.15 — — 
0.18 = — 


Prophysaon vanatiae Pilsbry, 1948 


Although relatively common on mainland Washington, 
Prophysaon vanattae is not abundant on the Olympic 
Peninsula, nor is it as variable in color pattern as else- 
where, being mostly dark gray. Previously reported from 
Chehalis and Gray’s Harbor (Pirspry, 1948). Spencer 
Forest Camp and Sol Duc Falls (Branson, 1969). The 
foot is very dark gray,and the mantle, with a curving very 
dark band on either side, is heavily mottled with dark gray 
and black, and the central area bears a median dark bar 
or wedge which is often obscure. The body tapers strongly 
posteriad, and the oblique grooves are most often poorly 
defined. Records: 17 (2), 22 (1), 53 (3). Proportional 
measurements: foot width/total length = 0.12, 0.15, 
0.13, 0.16, 0.16; anterior tip of mantle to pneumostome/ 
tail length = 0.64, 0.75, 0.92. 0.73, 0.71; tail length/total 
length = 0.28, 0.25, 0.17, 0.25, 0.28. 


Prophysaon humile Cockerell, 1890 


The head and tentacles are smoky-blue and the back is 
grayish-blue to brownish; the bands of the mantle curve 
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posteriorly, enclosing an indistinct blotch; the body be- 
hind the mantle also bears an indistinct band on each 
dorsolateral field, and a central one between them, the 
laterals being confluent around the tail; pneumostome 
in the anterior one-half of the mantle; sole not tripartite; 
jaws with 16 plates. Previously reported from Chehalis 
and Olympia (Dati, 1910; HeNnpERson, 1929a). New 
records: 54 (1), 100 (2). 


Ariolimax columbianus (Gould, 1851) 
(including Ariolimax columbianus maculatus Cockerell, 
1891, and Ariolimax steindachneri Barbor, 1900) 


Previous records: Cape Flattery (BINNEY & BLaNnp, 1869; 
HeEnpERSON, 1929a), Nisqually and Discovery Bay (Mean, 
1943), Hoh Forest Camp and Surprise Valley (BRaNson, 
Sisk « McCoy, 1966) and Sol Duc Falls (Branson, 
1969). New récords: 9 (2), 10(1), 11 (3), 16(1), 
26 (1), 30 (1), 32 (2), 37 (1), 38 (1), 39 (2), 40 (3), 
41 (1), 42 (2), 44 (5), 45 (3), 47 (1), 48 (2), 61 (4), 
77 (10), 81 (3), 82 (15), 83 (1), 85 (1), 90(1), 92 (1), 
94 (2), 95 (1), 100 (2), 103 (1), 105 (1), 106 (1), 109 (2), 
110 (1), 112 (4), 117 (1), and 2 from Sequim Bay State 
Park (25 June 1969), 1 from 800m above mouth of Sko- 
homish River (20 June 1969), 3 from Elk Lake on Hoh 
River Trail (14 August 1970). At the following stations, I 
simply marked “abundant” in my field notes without tak- 
ing specimens: 6, 18, 31, 35, 46, 54, 58, 65, 66, 67, 73, 
84, 87, 91, 108, 119, 120, 122. 


Hemphillia burringtoni Pilsbry, 1948 


Originally described asa subspecies of Hemphillia glandu- 
losa (Pitspry, 1948) and later elevated to full species 
ranking (BRANSON, 1972). For a key to the species of the 
genus, see Branson (1975). New records: 19 (1), 31 (1), 
35 (1), 54 (2), 55 (1), 92 (2), 104 (1), and 1 from Bush 
Pacific State Park, 37km SW of Southbend, Washington, 
via U.S. highway 101. 


Hemphillia dromedarius Branson, 1972 


Records: 18 (1), 23 (1), 31 (2), 59 (2), 60 (1), 97 (2), 
98 (1), 102 (1), 106 (1), and those presented in Bran- 
son (1972). 
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INTRODUCTION 


CHEMORECEPTION is thought to be the most primitive and 
ubiquitous sense in marine invertebrates (Witson, 1970). 
It is important in initiating and maintaining numerous 
interspecific and intraspecific relationships such as host- 
symbiont recognition, mating behavior and defensive in- 
teractions (Davenport, 1966; McCauLey, 1969; etc.). 
As early as 1918, scientists noticed that marine gastropods 
could locate food upcurrent at a distance, and fairly 
sophisticated experiments were conducted on chemore- 
ception (CopeLanp, 1918). 

Tuorson (1957) observed feeding in the ptenoglossan 
gastropod family Epitoniidae (Wentletraps). He called 
the Epitoniidae “temporary parasites,’ because between 
feedings they habitually left their host anemone and 
actively crawled or burrowed in nearby sand. Occasion- 
ally snails were found crawling far from the nearest ane- 
mone. The epitoniid Opalia feeds by everting its probos- 
cis and inserting it into the soft base of Anthopleura 
elegantissima (Brandt, 1835), then sucking the body 
fluids. Although Thorson found Epitonium tinctum (Car- 
penter, 1864) around the base of A. elegantissima, he 
never observed feeding. 

Rosertson (1961), after observing the feeding habits 
of several species of Epitonium, concluded that because 
some species can feed on at least two species of anemone, 
the snails may be non-specific and feed on any available 
anemone or other coelenterate. The wentletraps there- 
fore cannot be considered parasitic but must be termed 
temporary ectoparasites. Further feeding observations on 


' This material was submitted in partial fulfillment of the require- 
ments for the degree of Master of Arts in Biology at the Univer- 
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one species suggested to Robertson that the genus Epz- 
tonium did not use chemosensory means to locate ane- 
mones: “Epitonium rupicola reacted to anemones only 
after being placed in contact with one, seemingly by 
chance. Thus, tactile stimuli appear to be the major 
means whereby anemones are located by this foraging 
wentletrap.” 

One might well ask why Robertson discarded the 
possibility of chemical recognition by Epitonium without 
testing it experimentally. Our preliminary observations 
demonstrated that when specimens of E. tinctum were 
held in still sea water at a distance of about 20mm from 
Anthopleura elegantissima, snails reacted by extending 
their proboscises and performing searching movements. 
Epitonium tinctum was never observed extending the pro- 
boscis when held in still sea water without the anemone. 
Therefore, it seemed reasonable to assume that they might 
be receiving a chemical signal. 

Hocuserc (1971) observed Epitonium tinctum feed- 
ing daily during high tide periods on the tentacles of 
Anthopleura elegantissima (Figure 1). Initiation of the 
feeding process occurs by the rapid eversion of an acrem- 
bolic proboscis which rolls outward from the mouth, 
and contains the entire buccal mass. The wentletrap 
moves the extended proboscis through the water in a 
searching motion, until it comes in contact with an ane- 
mone tentacle. Initial proboscis contact with the tentacle 
consists of a series of touching and retracting responses 
by the snail that frequently produce no visible response 
from the anemone. The snail then either slips the tip of 
the proboscis over the anemone tentacle or slides the pro- 
boscis along the length of the tentacle until, presumably, 
a suitable location is found. Suddenly, the radula grips 
the tentacle. The anemone tissue 's either cut or torn off 
by the radula, and upon retraction of the proboscis, in- 
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Figure 1 


Epitonium tinctum 
feeding on the tentacles of Anthopleura elegantissima 


gested by the snail (HocuBeEre, of. cit.). Anthopleura 
elegantissima reacts with a localized tentacle retraction. 

The following experiments were designed to determine 
if chemosensory recognition enables Epitonium tinctum 
to locate its prey, Anthopleura elegantissima. The speci- 
ficity of any chemical attractant emitted from this ane- 
mone was tested against chemical emissions from both 
closely related and distantly related anthozoans to see if 
they also attract E. tinctum. 


MATERIAL anp METHODS 


Epitonium tinctum is commonly found in close association 
with sea anemones on rocks along the coast, from British 
Columbia, Canada, to the Gulf of California (Srrone, 
1941). Snails used for the experiments were collected at 
low tides from the rocky intertidal area of Devereaux 
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Point, near Goleta, California. They were found either 
attached to the base of solitary or colonial Anthopleura 
elegantissima or burrowed in nearby sand. Animals were 
not fed for 24 hours prior to experimental trials because 
feeding behavior in the laboratory was seldom observed 
before this time. The snails were able to survive under 
laboratory conditions for about one week. 

Colonies of Anthopleura elegantissima are found at- 
tached to rocks in wave-exposed areas. They occur chief 
ly in the mean lower intertidal region. Experimental ani- 
mals were obtained from Goleta Point, Goleta, Califor- 
nia. Individual anemones, attached to plastic containers 
floating in a large holding tank, and maintained on a diet 
of Mytilus californianus Conrad, 1837, remained healthy 
for months. 

Anthopleura xanthogrammica (Brandt, 1835) is not 
found in the Santa Barbara intertidal zone. North of Point 
Conception it is commonly found in tide pools of the rocky 
intertidal area, where wave action brings an abundant 
supply of food. It occurs in open coast regions just below 
the mussel zone. Eight A. xanthogrammica, ranging in 
size from 5 to 124cm in diameter were collected at Hop- 
kins Marine Station, Pacific Grove, California, and were 
shipped to the laboratory in thermos containers. They 
were maintained in the laboratory under the same con- 
ditions as A. elegantissima and remained healthy through- 
out the experimental period. 

Tealia lofotensis (Danielssen, 1890) occurs in the Santa 
Barbara region in the subtidal area on the sides and 
undersurfaces of large rocks (HAND, 1955). Three small 
T. lofotensis, about 10cm in diameter, were obtained from 
the subtidal zone off Goleta Point, Goleta, California. 
They survived well, attached to glass bowls and fed on a 
diet of Mytilus californianus. 

Epiactis prolifera Verrill, 1896 has a wide range of 
habitat. It is found along the open coast, attached to 
rocks, seaweeds and eel grass. In the low intertidal region 
it is particularly common attached to the base of several 
species of brown algae (Hanp, 1955). The Epzactis used 
for experimental purposes were collected in the intertidal 
region off Devereaux Point, near Goleta, California. A 
diet of Mytilus californianus sustained these animals in 
the laboratory for about 2 weeks. 

The main habitat for Metridium senile (Linnaeus, 
1767) in southern California is below the tide marks 
(Hanp, 1955). Small M. senile, about 30mm in diameter 
were brought to the laboratory attached to large Mytilus 
californianus from subtidal regions off Goleta Point. 
Both anemones and mussels were placed in a 4/ capacity 
bowl which received a constant supply of air and 20°C 
sea water. Anemones survived in the laboratory for 
about 2 weeks. 
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Corynactis californica Carlgren, 1936 mainly occurs in 
shallow sublittoral areas, attached to pier pilings or 
rocks. This colonial anemone species was brought into the 
laboratory from the pilings of the pier in Goleta State 
Park, Goleta, California, and placed in glass containers. 
The animals survived well throughout the experimental 
period. 


Apparatus No. 1: Description and Application 


An apparatus was designed and constructed to deter- 
mine whether Epitonium tinctum would orient to various 
test anemones solely on the basis of chemical stimuli (Fig- 
ure 2). Sea water from a common source was directed 
into 3 chambers. The 2 side chambers contained only sea 
water, while the center chamber housed the anemone to 
be tested. Effluent from each of the 3 chambers entered 
one of 3 arms of a plexiglass trough through a regulator 
valve. The valves could be adjusted to admit flow at an 
equal rate to each arm of the trough. The floor of the 
distal end of each arm was depressed 14mm to allow 
for the even flow of incoming water and to trap any 
particulate matter. Effluent from each arm then met in 
the stem of the apparatus forming 3 separate parallel 
streams, a sea water stream running along each side, 
and the “anemone labeled” stream in the center. Occa- 
sionally, fluorescein dye was added to check flow rates. 
In all controls and all experiments care was taken to 
scrub the apparatus before each trial to remove any 
snail secretions. 

This apparatus was designed so that when an experi- 
mental snail was dropped into the central stream it would 
receive immediate directional stimulation from the label- 
ed stream only. The function of the 2 unlabeled side 
streams was to render less likely thigmotactic response to 
walls, which frequently occurs in the conventional Y-tube 
apparatus. If the snail moved out of the central stream 
and into one of the other arms, or out the exit, one could 
assume they were repelled, or had received no stimula- 
tion from the central stream. Thus, a quick, simple, all-or- 
none response to the central stream stimulus could be 
tested for. The choices were scored (+) if the snail 
moved up the labeled stream, and (—) if it moved in any 
other direction. 

One further advantage of this apparatus was that 
label reaching the experimental snail was less dilute than 
in a Y-tube apparatus (Davenport, 1950). In a Y-tube, 
the experimental animal receives stimulation from 2 
currents simultaneously, one containing label and the 
other containing sea water or effluent. Before these 2 
currents reach the animal, which is placed some distance 
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Figure 2 
Apparatus No. 1 


downstream, they undergo, as a result of turbulence, some 
mixing and hence dilution. In a single current system, 
such as apparatus no. 1, an experimental animal receives 
a maximum concentration of label and it is possible to 
test for a lower threshold of stimulation than in the Y- 
tube. 
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Apparatus No. 2: Description and Application 


If Epitonium tinctum showed a response to specific 
test-anemone effluent in apparatus no. 1, it was then 
placed in a choice situation. A plexiglass choice-arena 
apparatus was used for this part of the experiment (STEW- 
ART, 1970) (Figure 3). Equal masses of anemones to be 
tested were placed in one of the 2 plastic test cells, and 
plain sea water in the other. Equal amounts of sea water 
entered each test cell from a common source, then flowed 
through a valve into the choice chambers, and thence into 
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Test Cell 


Sea Water 
Test Cell 


a Choice Chambers 
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Central Area 
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Drain 


Figure 3 
Apparatus No. 2 
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the 125mm diameter central area. The floor of each 
choice chamber was depressed 18mm below the level of 
the aperture into the central arena, in order to trap any 
solid matter as well as the experimental snails. The en- 
tire apparatus could be leveled before trials by means of 
4 adjustable screws that formed the legs. 

Flow rates were measured by the random addition of 
fluorescein dye and could be adjusted so that water from 
the 2 choice chambers would exactly bisect the central 
arena. An experiment was initiated by placing animals 
at the center of the arena in a plexiglass ring. The ring 
was removed at the beginning of each trial (“go”), and 
the snails were allowed to choose which stream they 
would follow and aperture they would enter. A (+) was 
scored if the snail entered the choice chamber with ane- 
mone effluent, and a (—) was scored if the sea water 
choice chamber was chosen. Introduction of anemone 
effluent to a particular test cell was randomized to con- 
trol for possible differences in lighting, etc. 


Apparatus No. 3: Description and Application 


Orthokinetic and klinokinetic responses were tested 
for by comparing movements of individual snails in a 
uniform environment of anemone-effluent to manoeuvers 
in a sea water control. Anemone effluent was obtained 
by allowing approximately equal masses of test anemones 
to remain in stagnant 18°C sea water for 30 minutes. 
Snails, not fed for 24 hours, were placed at random in a 
30cm by 40cm plexiglass chamber filled with either 1/ 
of “anemone effluent” or sea water (Figure 4). The 


(on facing page —) 


Figure 4 
Apparatus No. 3 


transparent chamber was positioned over tracing paper 
on a wooden stand with a 22cm diameter circular hole 
in the center. The path of the individual snails was traced 
from below the stand and marked off in 1 minute inter- 
vals for periods of 5 to 10 minutes. Information obtained 
from the paths allowed the calculation of orthokinetic 
and klinokinetic responses. 
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RESULTS 


Subjective Observations: 


When placed at the base of large or small Anthopleura 
elegantissima in a bowl of still sea water, Epitonium tinc- 
tum, not fed for 24 hours, will extend their proboscises 
and begin searching until they come into contact with an 
anemone tentacle. Snails readily feed on tentacles by nip- 
ping off a piece of the side or sliding the proboscis over 
the tentacle tip and cutting off a portion of tissue about 
2mm in length. The tissue, which can be seen through 
the semi-transparent proboscis, is then pulled into the 
body of the snail. Proboscis extension and feeding also 
occurred when a wentletrap was held in the water with 
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forceps at a distance of about 20mm from an anemone’s 
tentacles. The anemone reacted by a localized retraction 
of several tentacles including the injured one. 

Several Epitonium tinctum were placed near a speci- 
men of Anthopleura xanthogrammica, which was turned 
on its side in order to bring the tentacles within reach of 
the snail. All snails were observed to approach the tent- 
acles and crawl amongst them freely. After a few seconds 
of exploration some snails thrust out their proboscis and 
cut off a tentacle tip. The only reaction from the anemone 
was a retraction of the injured tentacle. 

When a few snails were placed at the base of Tealia 
lofotensis, they showed no activity or interest in the ane- 
mone during the half hour observation period. One large 
Epitonium tinctum was then held with forceps about 20 
mm from the anemone tentacles. Extension of the pro- 
boscis and striking the tentacle were observed. Tealia 
lofotensis reacted by vigorously contracting the injured 
tentacle. Other snails were placed near Tealia tentacles, 
and the typical feeding response was displayed a majority 
of times. 

Epitonium tinctum readily fed on Epiactis prolifera. 
The process began with the usual proboscis extension and 
searching. After contact was made with the tentacles, the 
proboscis explored several of them extensively. Finally, a 
tentacle tip was enveloped and a portion, about 2mm in 
length, cut off. The anemone reacted with a violent con- 
traction of all tentacles. 

Several snails were held by forceps and lowered into a 
dish which contained Metridium senile. They were 
placed about 20mm from the tentacles, in the same 
fashion that other experiments were carried out. No 
searching movements were observed and Epitonium tinc- 
tum tentacles and proboscises seemed to avoid M. senile 
tentacles. Some of the wentletraps were then placed on 
mussels, near bases of the anemones. All snails turned 
away from the anemones. The movements of one animal 
were observed for about one half hour on the mussel, 
which was thickly populated with M. senile. At no time 
did the snail make contact with the anemones, instead, it 
avoided them by turning when it approached either base 
or tentacles. Later it was noticed that nematocysts from 
the base or tentacles of M. senile could kill E. tinctum, 
if snails were placed either on the anemone pedal disc or 
if they repeatedly came in contact with either the base or 
tentacles. 

Ten Epitonium tinctum were then placed around the 
base of a Corynactis californica colony. No initial interest 
in the anemone was shown by the snails. Several snails 
approached the anemones and touched them without 
adverse effects. In these observations, and when held 20 
mm away from the anemone tentacles with forceps, no 
feeding behavior was observed. 
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Table 1 

Anemones versus Sea Water in Apparatus #1 
Test Animals tested (+) movement up (—) movement in Statistical 
Effluent (1 animal/trial) center stream other directions significance 
Sea Water (Control) 50 26 24 P>0.05 
Anthopleura elegantissima 50 42 8 P<0.001 
Anthopleura xanthogrammica 50 44 6 P<0.001 
Tealia lofotensis 50 39 11 P<0.05 
Epiactis prolifera 50 40 10 P<0.05 
Metridium senile 50 6 44 P<0.01 
Corynactis californicus 50 30 20 P>0.05 


Experiment No. 1: Determination of Chemical Respon- 
siveness to Anemone Effluent in Apparatus No. 1 
(Table 1) 


In a control situation, under overhead lights, with sea 
water flowing into all 3 arms, a degree of positive rheo- 
taxis was exhibited. Out of 50 animals tested, 26 pro- 
ceeded straight into the center stream. Of the 24 remain- 
ing snails, 9 entered the right arm, 7 entered the left 
arm and the other 8 turned toward the exit or failed to 
make a response. 

Epitonium tinctum was then exposed to a direct cur- 
rent of the effluent from its natural prey, Anthopleura 
elegantissima. Out of 50 snails tested, on a one animal per 
trial basis, 42 proceeded directly toward the anemone 
effluent, while 8 entered the sea water arms or went out 
the exit. Epitonium was then tested against A. xantho- 
grammica. Out of 50 trials, 42 snails proceeded directly 
to the effluent. 

In the next group of trials, snails were exposed to the 
effluent from 2 anthozoans in the same family (Actinii- 
dae) as Anthopleura elegantissima: Tealia lofotensis and 
Epiactis prolifera, which the snail readily ingested in the 


laboratory. Results show that E. tinctum reacted to the 
effluent from each of these anemones in much the same 
manner as it did to the effluent from its natural prey. 

A completely different response occurred when the 
more distantly related anthozoan, Metridium senile, fam- 
ily Metrididae, was introduced into the test chamber. In 
subjective observations it was noticed that snails avoided 
contact with the anemone’s base and tentacles. In experi- 
mental trials the majority of snails also were found to 
turn away from M. senile effluent (Table 1). When Co- 
rynactis californica, a very distantly related anthozoan, 
was placed in the test chamber, the snails regarded the 
effluent in much the same way they did the sea water 
control: no attraction or repulsion could be observed. 


Experiment No. 2: Determination of Chemical Attrac- 
tion to Anemone Effluent in Apparatus No. 2 


A. Controls: 


Control trials initially were run with sea water on both 
sides of the apparatus to see if snails indicated a right or 
left preference. Out of 140 animals tested, in 10 2-hour 


Table 2 


Anemones versus Sea Water in Apparatus #2 


Total Total respond- ‘Total respond- 

animals ing to anemone ing to sea Statistical 
Anemone Trials tested effluent water Non-runs significance 
Anthopleura elegantissima 19 159 78 6 75 P<0.001 
Anthopleura xanthogrammica 12 100 54 2 44 P<0.001 
Tealia lofotensis J 14 170 28 26 116 P>0.05 
Epiactis prolifera 12 144 28 18 98 P>0.05 
Metridium senile 6 66 6 12 48 P>0.05 
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trials, conducted under overhead lights, 20 entered the 
right side of the apparatus while 22 entered the left side. 
The 98 remaining snails did not make a choice but in- 
stead clung to the sides of the apparatus. About 50% of 
the remaining animals clung to the right side of the appa- 
ratus while the others clung to the left side. Results indi- 
cated that no left or right preference existed. 


B. Anthopleura elegantissima: 


Choice arena experiments were conducted on a total 
of 159 Epitonium tinctum, which were allowed to choose 
between a stream of Anthopleura elegantissima effluent 
or sea water, in 19 2-hour trials. Results showed that a 
highly significant number of snails entered the effluent 
side of the chamber (Table 2). Although experiments 
were conducted over a 2-hour period, snails initially 
indicated a high level of activity to anemone effluent. 
Most snails which entered either side of the apparatus 
did so within the first hour of experimentation, and half 
of those made the choice within the first half hour. 

Non-choice behavior was mainly the result of side- 
clinging. Several snails crawled toward the sea water side 
of the apparatus until they approached about 10mm from 
the aperture. They then turned and crawled left or right 
along the wall, and finally stopped at some point on the 
wall for the remainder of the experiment. This side-cling- 
ing behavior did not occur on the Anthopleura elegantis- 
sima effluent side of the apparatus, because most of the 
snails that initially headed in the direction of the anemone 
effluent entered the aperture without hesitation. 

Occasionally animals showed overt signs of chemical 
recognition during the tests. One snail, at the starting 
position, extended its proboscis in the direction of the 
anemone effluent. It then crawled about half the distance 
from the center to the anemone choice aperture and ex- 
tended the proboscis again before entering. 


C. Anthopleura xanthogrammica: 


A series of experiments was conducted in which 100 
Epitonium were allowed to choose between Anthopleura 
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xanthogrammica effluent and sea water in the choice area. 
Results again showed that a highly significant number of 
snails entered the effluent side of the chamber (Table 3). 
Snails showed a high degree of activity when initially 
exposed to effluent from this anemone, as was seen by 
the great number that moved from the starting position 
and entered the anemone effluent aperture within the 
first half hour of experimentation. 


D. Tealia lofotensis: 


Experiments were conducted on 170 Epitonium with 
Tealia lofotensis effluent in exactly the same manner. 
Statistically significant information could not be obtained 
confirming chemical detection of anemone effluent by 
the snails (Table 2). Wentletraps appeared to display a 
high degree of thigmotactic responses in the choice arena. 
Approximately 70% of all snails tested did not make a 
choice during the 2-hour trial period, due to side-clinging 
behavior. Even when animals were put into the start po- 
sition after adhering to a side for about one hour, they 
tended to return to the same location where they had 
stopped before. Some snails were so sluggish that 
they did not even choose sides, but instead came to 
rest in the center of the arena. Since it was diffi- 
cult to analyze all behavior in terms of (+) or (—), a 
record of the position of each non-choice snail, in terms 
of degrees away from each aperture, at the end of each 
trial was also kept (REscu, 1972). No tendency for ani- 
mals to congregate near the sea water or sea anemone 
aperture was demonstrated. Of the 30% of animals that 
did make a choice, many did so only after much hesita- 
tion. A record of the number of snails entering the ane- 
mone and sea water aperture per time interval indicated 
that most choices did not occur until the final hour of 
the 2-hour experimental period. 


E. Epiactis prolifera: 


In tests conducted on sea water versus effluent from 
Epvactis prolifera, the number of snails choosing Epiactis 
over sea water proved to be statistically insignificant 


Table 3 


Anthopleura elegantissima versus Anemones in Apparatus #2 


Total Total responding ‘Total respond- 
animals to Anthopleura ele- ing to other Statistical 
Anemone Trials tested gantissima effluent Non-runs significance 
Anthopleura xanthogrammica 4 50 12 15 23 P>0.05 
Tealia lofotensis 8 84 32 3 49 P<0.05 
/ 8 84 43 9 34 P<0.05 


Epiactis prolifera 
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(Table 2). Only 30% of the wentletraps tested actively 
made a choice during the experimental period, and the 
abundance of non-choice behavior again appeared to 
result from strong thigmotactic responses. Snails that ac- 
tively made a choice did so more rapidly in E. prolifera 
effluent than in Tealia lofotensis effluent. A record of the 
number of choice responses per time interval showed that 
most choices were made by the wentletraps after only the 
first hour of the experimental period. 


E Metridium senile: 


Unusual behavior was exhibited in the choice-arena ex- 
periments with Metridium senile. Out of a total of 65 
animals tested, only 18 made a choice (Table 2). Most 
wentletraps turned 180° from the start position and 
moved toward the exit as soon as the center ring was re- 
moved at the beginning of each trial. Behavior that ac- 
counted for most of the non-choice was either migration 
of snails out the exit or side clinging on the sea water 
side of the apparatus. Very few snails clung to the ane- 
mone effluent side of the apparatus. 


G. Corynactis californica: 


Subjective observations showed that Epitonium tinctum 
did not feed on or extend its proboscis toward the ten- 
tacles of Corynactis californica. Tests in apparatus no. 1 
also indicated, statistically, that the snail did not behave 
differently in the presence of effluent from this anemone 
than it did in the sea water control. It was therefore as- 
sumed either that an attractant was not produced by C. 
californica, or if one was, its concentration was too low to 
effect a response. Since Apparatus no. 2 dilutes the ane- 
mone effluent more than Apparatus no. 1, no new infor- 
mation was likely to be gained by its use, so further ex- 
periments with C. californica were discontinued. 


H. Anthopleura elegantissima versus other anemones: 


In the next group of experiments, snails were tested 
in Apparatus no, 2 to see if they could distinguish between 


effluent from their natural prey and effluent from the 
closely related A. xanthogrammica. Results showed that 
the snail could not distinguish between its natural prey 
and an anemone of the same genus (Table 3). 

Experiments were also conducted in which Epitonium 
was given a choice between Anthopleura elegantissima 
and Tealia lofotensis effluents in the choice arena, and in 
subsequent tests, a choice between A. elegantissima and 
Epiactis prolifera effluents. In both cases the snails readi- 
ly chose the effluent from their natural prey, A. elegantis- 
sima, over the other 2 anemones (Table 3). These results 
are supported by the previous experiments (anemones 
versus sea water — Table 2) in which snails exhibited a 
strong response to their natural prey, but no significant 
response to the 2 alternate anemones. 


Experiment No. 3: Orthokinesis 


Kinesis is a term used to describe a variation in loco- 
motory activity which is dependent on the intensity of 
stimulation and not on the direction of stimulation (PatT- 
TEN, 1914). Orthokinesis is distinguished as a response 
in which the rate of forward movement depends on the 
intensity of stimulation(Gunn, KENNEDY & PiELOU, 1937). 
The objective of this facet of the study was to determine 
whether individual Epitonium tinctum showed an ortho- 
kinetic response, in the form of an increase or decrease in 
velocity, in the presence of “anemone factor” as compared 
to sea water. _ 

Experimental results showed that snails, in the presence 
of Anthopleura elegantissima effluent, increased their 
velocity significantly as compared to a sea water control. 
In 13 trials average distance traveled per minute in A. 
elegantissima effluent was 2.7 mm greater than in sea wa- 
ter (Table 4). Velocity also increased when snails were 
exposed to a uniform environment of A. xanthogrammica 
effluent, by an average of 2.58mm per minute. 

A decrease in distance traveled per unit time was 
noticed in Tealia lofotensis effluent as compared to sea 
water. Snail velocity decreased by 3.3mm /min in the ane- 


Table 4 
Orthokinesis, Velocity in mm/min 

Anemone Average velocity in Average velocity Difference in velocity, Statistical 
Effluent Trials anemone effluent in sea water effluent—sea water significance 
Anthopleura elegantissima 13 15.38 12.66 2.72 P<0.05 
Anthopleura xanthogrammica 10 12.31 9.73 2.58 P<0.05 
Tealia lofotensis — - 12 16.24 19.52 —3.28 “P<0.05 
Tealia lofotensis (repeat) 6 12.72 14.53 Sil fol P<0.05 
Epiactis prolifera ’ 10 13.93 14.25 —0.32 P>0.05 
Metridium senile 8 19.96 17.66 2.30 P<0.05 
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mone effluent as compared to the sea water control. Ex- 
periments with T: lofotensis were conducted in July; the 
summer experiments were repeated in winter to deter- 
mine if summer weather was somehow affecting snail 
responses. The results of the repeat experiments still in- 
dicated that snail velocity significantly decreased in the 
presence of T° lofotensis effluent. 

Epziactis prolifera effluent introduced into the apparatus 
did not produce a statistically significant change in snail 
velocity. The effluent from Metridium senile produced an 
increase in the velocity of the snail. Epitonium tinctum 
increased its speed on the average of 2.3mm/min in 
the presence of this anemone’s effluent (Table 4). 


Experiment No. 4: Klinokinesis 


When some animals are placed in a nondirectional 
field of stimulation, a klinokinetic response is often ex- 
hibited. A klinokinetic response is defined by FRAENKEL & 
Gunn (1940) as one “in which the rate of random turn- 
ing, or angular velocity, depends on the intensity of 
stimulation.” There is no reason why such an animal 
should turn at a particular point, but the animal does 
turn and the direction of linear movement changes for 
no apparent reason. Animals may turn more frequently 
at high or low levels of stimulation, but the direction of 
turns is always random. 

Klinokinetic responses for Epitonium tinctum were ob- 
tained by dividing the distance traveled per minute by 
the linear displacement per minute in anemone factor 
(Surtees, 1964). The number obtained from this cal- 
culation was compared with the value obtained by divid- 
ing distance traveled per minute by linear displacement 
in sea water for the same animal. The calculated proba- 
bility from experimental results, when E. tinctum was ex- 
posed to a uniform environment of stimulation from all 
anemones, was much greater than 10%, indicating that 
klinokinesis is not involved in the location of prey by E. 
tinctum (Rescu, 1972), 


DISCUSSION 


In the light of these experiments it can no longer be said 
that members of the genus Epitonium rely on purely 
tactile means to locate their prey. Choice-arena experi- 
ments indicate that E. tinctum can easily distinguish 
“prey factor” from plain sea water. In the presence of 
“prey factor” an increase in velocity indicates that an 
orthokinetic response is probably important in prey loca- 
tion. The fact that E. tinctum is not purely a tactile ani- 


mal is of ecological significance. An orientation to and a 
physical activation by the effluent of Anthopleura ele- 
gantissima clearly allows this foraging species to locate 
its prey without difficulty. 

Epitonium tinctum also will eat the tentacles of Antho- 
pleura xanthogrammica, an anemone in the same genus 
as its natural prey. The snail also showed a strong positive 
response to the effluent from this anemone in the choice 
apparatus. Effluent from these two anemone species would 
appear to contain the same chemical agent, since E. 
tinctum could not distinguish between them under experi- 
mental conditions. Since the snail reacted exactly the 
same to A. xanthogrammica as to its natural prey in all 
experiments, and since E. tinctum may encounter A. 
xanthogrammica in some locations and prey on it natu- 
rally, it is not classified as an alternate prey in this study. 

The wentletrap readily ingested tissues from 2 other 
members of the family Actiniidae, Tealia lofotensis and 
Epiactis prolifera, although geographical restrictions on 
these 2 species may make it less likely that the wentletrap 
would come in contact with them in nature. In Apparatus 
no. | the snail also oriented to effluent from these 2 ane- 
mones as long as it received immediate directional stimu- 
lation from them. Choice-arena attraction to these alter- 
nate prey was not demonstrated, however, so one could 
assume that even though a chemical attractant was emit- 
ted, its concentration was probably too weak to be de- 
tected. Distance traveled per minute by the snail in the 
presence of effluent from these 2 anemones decreased as 
compared to sea water, and at this time no suitable ex- 
planation can be given for this result. 

Further experiments were conducted in which Epi- 
tonium tinctum chose between Anthopleura elegantissima 
and Tealia lofotensis effluent in the arena, and in subse- 
quent tests snails chose between A. elegantissima and 
Epiactis prolifera. In both cases the snail readily chose 
the effluent from its natural prey over that from the other 
2 anemone species. These results are supported by the 
previous anemone-versus-sea water experiments in the 
choice arena. These indicated that the snail was more 
strongly attracted to its natural prey than to sea water, 
while displaying a weaker response when choosing be- 
tween the 2 alternate anemones and sea water. The ob- 
vious conclusion drawn from these results is that even 
though the snail could ingest anemone tissue from another 
genus, it showed a marked preference for its natural prey. 

When tested against a more distantly related antho- 
zoan, viz. Metridium senile, the snail avoided the base 
and tentacles and no feeding on this anemone took place. 
Further qualitative observations revealed that just touch- 
ing the base of M. senile causes death to Epitonium tinc- 
tum. It is unknown whether just one touch or several are 
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required to cause death, and what is different about M. 
senile nematocysts or toxin that causes death to the 
wentletrap. Anthopleura elegantissima, A. xanthogram- 
mica, Tealia lofotensis and Epiactis prolifera nematocysts 
are not only tolerated, but ingested without difficulty. 
Snails avoided the effluent of M. senile in both Apparatus 
no. 1 and no. 2. 

Corynactis californica (Order Corallimorpharia), a 
much more distantly related anthozoan, was also tested. 
Epitonium was neither attracted to this anemone nor 
repelled by it. Apparently it did not contain any of the 
attracting or repelling chemical substances in its secre- 
tions. 
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FOREWORD 


AccorDING To SCHILDER (1971), there are 148 specific 
and subspecific names given to the fossil and Recent spe- 
cies of the Eratoidae. These are divided into 4 categories: 
1: 93 names for fossil species, 75 of which appear to be 
valid; 2: 18 are synonyms, or invalid for other reasons. 
The Recent taxa total 55 names: 3: 29 are conceded 
to be valid; 4: and 26 seem to be synonyms, or other- 
wise invalid. 

ScHILDER (1971) systematics for the higher taxa, as 
well as his generic arrangement, have been adopted for 
this study. In the superfamily Triviacea Troschel, 1863, 
there are two divisions, the families Triviidae Troschel, 
1863, and Eratoidae Schilder, 1927. It is the latter group 
with which this report is concerned. Thus, the subfamily 
Eratoinae Schilder, 1927, establishes the basis for the 
tribe Eratoini of Schilder, 1927, which is made up of 8 
genera. ‘Iwo of the genera, Proterato Schilder, 1927 and 
Archierato Schilder, 1932, are devoted entirely to groups 
of fossil species; a third genus, Ervatopsis Hoernes & Au- 
inger, 1880, represents a group of 17 species, all of which 
are fossil, except one. However, as does the genus Erat- 
opsis, the remaining genera contain both fossil and Re- 
cent species. 

Schilder (personal communication) said his generic 
and specific systematic arrangement of these animals 
more or less represents their ascendancy from ancient 
times up to the most recently evolved representatives. 


INTRODUCTION 


It is said the species of the Eratoinae constitute the most 
ancient branch of the Eratoidae, with the latter family 
group representing the most primitive section of the 


superfamily Triviacea (Schilder, personal communica- 
tion) ; they appear to have emerged sometime during the 
Oligocene. The distribution of the members of this fam- 
ily seems to be widely diversified throughout the world’s 
seas; as fossils they appear in significant numbers in the 
land masses of eastern and southern Europe. 

ScHILDER’s (1933) in-depth studies of these shells have 
shown the Eratoidae to be different from other family 
groups of the Triviacea in practically all of their charac- 
ters, including the more obvious anatomical and mor- 
phological ones. It is true that the shape of the eratoid 
shells may on occasion resemble scme shell forms in the 
Marginellidae (cf. Marginella granum Philippi, 1850) 
(Figure 53). However, according to SCHILDER (op. cit.), 
the anatomy of these animals differs to the extent that 
they more closely approach that of the Triviacea. 

These molluscan species, most of which are quite small, 
have been variously referred by early authors to Mar- 
ginella, Voluta, Columbella, Bulla, Voluvaria, and Acteon. 
The taxonomic position was clarified when Risso, in 1826 
(4: 240), proposed the name Erato. Gray (1832) and 
Sowersy **¢ (1859) both accepted the name, even though 
some other authors, notably KienEr (1834), continued 
to associate these animals with the Marginellidae. 

TroscHEL (1863) showed that the radulae of both the 
Eratoidae and Triviidae are very similar, nearly identical 
at times. 

Except for ScuHitpER (1933), little in-depth work has 
been undertaken with these shells. His work was signifi- 
cant in that it brought into focus the many obscure species 
of the Eratoidae. He illustrated many of the species with 
line drawings (some of which are used, with the kind per- 
mission of the late Dr. Maria Schilder, in this report for 
purposes of identification). However, it has been found 
that where species have similar shell morphology, draw- 
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ings seem to lose that variable, minute detail so important 
to correct identification. 

It is the primary purpose of this work to bring together 
all of the currently known Recent species of the Erato- 
idae, listing the apparently valid forms, with their synony- 
my, and illustrating the species with photographs of their 
type specimens. In some instances, species will be re- 
described because of inadequate original descriptions but 
using fresh specimens at hand. Attention is given to mod- 
ern, more precise localities, when available; new distri- 
butional ranges are given, where known; and type locali- 
ties are designated when necessary. 

The morphological differences between eratoid species 
are often quite marginal, and most species are so small 
that it is not surprising that the valid species and their 
synonymy are often not clearly understood. 

SmirH (1910: 13) listed all Erato species known to 
him, adding his comments and recording the synonymy 
as he then perceived it. Also listed were the monographs 
and catalogues available at that time. Smith based much 
of his criticism of earlier authors on misinformation they 
had copied from the labels in the Cuming collection, 
which were often incorrect as to identification and local- 
ity. 

As with the Ovulidae (Cate, 1973), it was found that 
the only definitive determination of a species, especially 
where shell forms are similar, would be possible from 
access to either the holotype itself or good photographs 
of it. Therefore, an attempt has been made herein to 
provide photographs of the types of all species bearing 
valid names, and of the types of as many synonymous 
species as possible so that all doubt may be reduced as 
to correct species identification. 

Since several of the holotypes had not been specifically 
designated, the author has selected lectotypes from the 
original type lots to represent those species. 
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SHELL CHaracTers Common To Most ERATODAE 


Several minor morphological details will be noticed in 
the study of these shells; however, the following is a 
general outline of their outstanding characters: the shell 
is almost always quite small, the largest species known at 
present being Hespererato vitellina (Hinds, 1844) (length 
16.0mm). 

The shells are mostly conical in outline, with the front 
terminal collar attenuated to a blunt end; adapically, the 
spire is almost always prominent rather than flattened; 
the outer lip angles away from the shell axis, whereas 
posteriorly it right-angles acutely back to the columella; 
outer lip is thickened, barely shouldered above; outer 
lip is denticulate, somewhat declivous toward the front; 
body whorl side margin is rounded, convex; the aper- 
ture, angling off to the rear, is broad and straight; the 
front terminal beak is broad and well defined; the poste- 
rior outlet is usually shallow or closed, although in a few 
species it may be clearly open. 

The columellar teeth may differ in width of interstices, 
size and shape tend to become less distinct, even obsolete 
adapically; always lacking are the bold, long, heavily 
formed plicae characteristic of the Marginellidae; there 
may be a weak, oblique ridge at the rear apertura! canal; 
the fossular depression is very shallow or flattened, but 
narrow and distinct; the columellar base is rounded, con- 
vex, smooth; the outer shell surface is smooth, may be 
faintly glossy except for a few species that have granula- 
tions, wholly or in part, dorsally. 

Most species are of some shade of white or grey; some 
are solid in color, others three-banded in olive or flesh 
pink; none of the species are dorsally spotted; the termi- 
nals or spire may be colored pale pink to brown. 

Due to the overall similarity in dorsal shell form and 
shell outline among the species, particular attention 


Explanation of Figures 1 to 4a 


Figure 1: Proterato (Sulcerato) lachryma, BMNH photo; (t]', 
lectotype x 13 
Figure Ja: Proterato (Sulcerato) lachryma, Draper photo. [1] X 11 


* Numbers in square brackets refer to species numbers in the text 


Figure 2: Erato denticulata, Draper photo, [1], lectotype x 10 
Figure 3: Proterato (Sulcerato) angistoma angistoma, BMNH 


photo; [2], lectotype xX 20 
Figure 4: Erato pellucida, BMNH photo [2]; lectotype x 18 
Figure 4a: Erato pellucida var., BMNH photo; [2] x 19 
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should be given to the details of the aperture, outer lip, 
columellar lip, and dentition present, for identifying the 
various species. 
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SYSTEMATIC ACCOUNT 


TRIVIACEA Troschel, 1863 


Eratomae Schilder, 1927 


Eratoinae Schilder, 1927 
Eratoini Schilder, 1927 


Proterato Schilder, 1927 


Type species: Erato neozelanica Suter, 1917 [OD] 


ScHILDER (1971: 12) restricted this genus group to 11 
fossil species. The shells of Proterato have the terminal 
ridge and abapical columellar teeth somewhat parallel, 
with a tendency to become transverse on some shells; 
and, for the most part, the shells are color-banded. 


(Sulcerato) Finlay, 1930 


Type species: Erato illota Tate, 1890 (fossil) [OD] 
Trans. Roy. Soc. Austral., 1890, 13: 216 
ibid. (see Vol. 13 in Vol. 15, 1892, plt. 13, fig. 11 for 
illustration) 


There are about 20 species in this subgenus, only 5 of 
which are fossil. Schilder separates this group from Prot- 
erato because the shells are more conical in outline, with 
less constriction of the shell abapically. The fossula is 
comparatively deeper, almost straight. 


1. Proterato (Sulcerato) lachryma (Sowerby *"4, 1832) 
(Figures 7, Ja, 2) 


1832 Erato lachryma Sowerby 24, Conch. Illustr., Erato (in 
Cypraeidae) : 15; fig. 48 

1832 Erato fascia [err.] Gray, Descr. Cat. Shells (proofs only, 
not published) 
1837 Erato lachryma syn. Lachryma trifasciata (Humph- 
rey Ms) Sowerby 2"4, Cat. Res. Cypraeadae [sic] : 15. 
1870 Erato guttata Sowerby 2"4, Thesaur. Conchyl., Erato 
82 (6); figs. 29-30 (non E. guttula Sowerby 2"4, 1832, 
Conch. Illustr., Erato: 16; fig. 50 = Marginellia) 

1877 Erato angiostoma [err.] Angas, Proc. Zool. Soc. Lon- 
don 1877: 182 

1882 Erato lacrima [err.] Dunker, Index Moll. Maris Japo- 
nici: 257 

1901 Erato denticulata Pritchard « Gatliff, Proc. Roy. Soc. 
Victoria, 13: 133 [Figure 2 herein] 

1932 Lachryma trifasciata Cotton « Godfrey, So. Austral. 
Naturalist 13: 45 


Original Description: “Erato lachryma-—-— Shell oval, 
turbinate, whitish, with three transverse bands [reddish- 
brown to brownish-purple], smooth; aperture narrow; 
outer lip somewhat thickened, minutely toothed on its 
inner edge; columellar lip slightly concave, toothed ante- 
riorly.” (SoweErRBY 7%, 1832 (5): 15). 

(Sowerby appears not to have designated holotype speci- 
mens for his eratoid species — Way, zn litt.) 


Measurements: “Length 0.2, breadth 0.13” [inches] [= 
approximately L—5.0; W-2.5mm] (Sowerby, zbzd.). 


Measurements, Reeve figured specimen: L-—5.5mm 
(Way, in litt.) 
Measurements, hypotype (Figure Ja): L-—5.6; W- 


3.6; H- 2.7mm (C 4022) 
Type Locality: “New South Wales.” 


Distribution: St. Vincents Gulf, South Australia, to ap- 
proximately Moreton Bay, Queensland, East Australia. 
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Reeve’s Figured Specimen: 
nated herein (Way, in ltt.) 


BM (NH), lectotype desig- 


Discussion: 


ce 
ee 


Sowerby 7? made the following comment: 
. several specimens were in the cabinet of the late 
G. Humphrey.” There are 4 syntypes in the type lot 
(Way, in litt.). The specimen illustrated in Figure J was 
interpreted by SmirH (1910: 17) to be Erato callosa A. 
Adams & Reeve, 1850; however, it appears to have been 
correctly identified as “Erato” lachryma Sowerby 7, 
1832. 

The dorsal bands of color do not extend onto either the 
columella or the outer lip. Both apertural margins are 
denticulate: usually restricted to about 10 weak teeth 
on the front columella, more numerous with about 22 
on the axial edge of the outer lip. 


74, Proterato (Sulcerato) angistoma angistoma 
(Sowerby 74, 1832) 


(Figure 3: lectotype; Figures 4, 4a) 


1832 Erato angiostoma Sowerby 2°4, Conch. Illustr., Erato 
16: fig. 51 

1859 Erato angyostoma [err.] Sowerby 2™4, Thesaur. Conchyl., 
Erato (13): 83;figs. 19-20, 23-24 

1865 Erato pellucida Reeve, Conch. Icon., Erato 15: fig. 16. 
Lectotype: BM(NH), Reg. No. 197414/1 (Way, in litt.) 
Figure ¢ herein 


Original Description: “Erato angistoma —— Shell ovate, 
gibbose, pallid; spire short; aperture as long as the 
whole shell, very narrow; outer lip rather thickened, wide, 
very minutely toothed along its inner margin; columella 
with six or seven anterior folds and internal cavity [fos- 
sula].” (Sowersy **, 1832 (7): 16) 


Measurements: “Length 0.2, breadth 0.15 [inch]? [= 
approximately L— 5.0; W-3.5mm] (Sowerby, zbid.). 


Measurements, lectotype: “L- 3.4mm” (Way, in litt.) 


Type Locality: “From the East Indies.” 
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Distribution: East Australia, western East Indies; O- 
man, Erythraean coast; Arabian Sea; Persian Gulf; Red 
Sea 


Lectotype (designated herein): BM(NH), Register No. 
197415/1. Type lot consists of 3 syntypes. 


Discussion: Sowerby appears not to have singled out a 
holotype. The lectotype illustrated herein (Figure 3) is 
probably the best specimen of the lot. Sowersy 74 
(1859: 83) made the following comment: “ A rather 
globose, pyriform, small, white, smooth species, with the 
outer lip thick in the middle, and elevated into an angle 
above even the spire.” He added Sorsogon, Luzon Island, 
Philippines, apparently having used a Cuming label lo- 
cality. 

ScHILDER (1933: 260) seems to have thought this 
species rather closely related to Proterato (Cypracerato) 
angulifera (Sowerby 7%, 1859), listing their differences 
thus: less numerous denticulation on the outer lip; the 
posterior outer lip angle less acute, and with granulations 
around the apex. Subsequently, after having examined 
additional specimens, ScHiLpER (1941: 69) appears to 
have come to the conclusion that they were actually very 
different from one another, even to the extent of placing 
them into different subgenera. 


3: Proterato (Sulcerato) angistoma schneideri 
_ (Schilder, 1933) 


(Figure 5, holotype) 


1933 Erato (Cypraeerato) schneideri Schilder, Zool. Anz. 102 
(11/12): 294, 296; fig 7 


Original Description: “Erato (Cypraeerato) schneideri 
—-—Schneideri differs from sulcifera [Sowerby 4, 1832] 
mainly through complete lack of the dorsal furrow and 
the [anterior end] spots, the granules are obsolete and 
mostly only recognizable posteriorly; further, schneidert 
is somewhat larger, slenderer, the [anterior] end is nar- 


Explanation of Figures 5 to 7b 


Figure 5: Proterato (Sulcerato) angistoma schneideri, ZM photo 


holotype [3] x 12 
Figure 5a: Proterato (Sulcerato) angistoma schneideri, Draper 
photo, [3] x 11 
Figure 6: Proterato (Sulcerato) olivaria, BMNH photo, holotype 
[4] : x 12 


Figure 7; Proterato (Sulcerato) tomlini, ZM photo, holotype 


[5] x 12 
Figure 7a: Proterato (Sulcerato) tomlini, Draper photo, hypotype 1 
[5] x 12 


Figure 7b: Proterato (Sulcerato) tomlini, Draper photo, hypotype 2 
[5] x 13 
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rowed, drawn out. Teeth often shorter, fossula perhaps 
somewhat narrower, shell pale green ({side] frequently 
covered with white) to almost pure white.” (ScHILDER, 
1933: 296) 


Measurements, holotype: Figure 5. “Vergr. 12 (Kilias, 
in litt.) -—- L-3.9; W-24mm 


Measurements, hypotype: (Figure 5a herein): L — 5.1; 
W - 3.0; H- 2.7mm (C3631) 


Type Locality: New Britain, Bismarck Archipelago (be- 
tween 1° and 6°20’S and 145° and 154° E). 


Distribution: Purdy Island, Admiralty Islands; beach, 
NW Cape, NW Australia (C3631). 


Holotype: M Z, No. 78598 (Kilias, 2n Itt.) 


Discussion: ‘The hypotype, from the beach drift at NW 
Cape, Vlaming Head, Light house, was collected by 
Molly Gedling (now of Rottnest Island Light, SW Aus- 
tralia) 24 June 1969. Thus the species’ range is extended 
westward by the width of N Australia. 


4.  Proterato (Sulcerato) olivaria (Melvill, 1899) 
(Figure 6: holotype) 


1899 Erato olivaria Melvill, Ann. Mag. Nat. Hist. (7) 4: 
91; plt. 1, fig. 9 


Original Description: “Erato olivaria —— E. testa 
arcuato-pyramidata, solida, laete olivacea, apice sub- 
conico; anfractibus quatuor, supernis interdum rugosulis, 
interdum laevibus, ultimo anfractu laevi, rapide accres- 
cente, tumidulo, pyriformi, apud basim paullum attenu- 
ato; apertura angusta, oblonga; labro exteriore crassius- 
culo, denticulis quindecim intus praedito, margine colu- 
mellani, et praecipus versus basim, incrassato, denticu- 
lato.” (MeEtvixt, 1899: 91) 


Measurements, holotype: “Long. 6, lat. 3.25mm.” 
[L-—5.5mm, Way,in litt.] 


Type Locality: “Hab. Karachi” [Pakistan]. 


Distribution: South East Asia, west, NW coast of India 


Holotype: BM(NH), Register No. 1899.12.18.39 (Way, 
in litt.) 


Discussion: Melvill had a few solid, smoothish speci- 
mens about which he commented: “... conspicuous for 
its bright olive hue; the apex is subconical; whorls four, 
the last being large, pyriform, somewhat attenuate at the 


THE VELIGER 


Page 345 


base, the mouth narrowly oblong; outer lip thickened, 
denticulate within, with fifteen little teeth; columellar 
margin thickened, especially towards the base, and then 
also denticulated. The species slightly resembles the Euro- 
pean E. laevis, Donovan. The only other known species of 
uniform green or olive hue is E. prayensis Rochebrune 
[1881], from Cape Verde Islands, but, from description, 
would seem to differ both in form and lip-characters.” 


3. Proterato (Sulcerato) tomlini Schilder, 1933 
(Figure 7: holotype) 


1933 Proterato tomlini Schilder, Proc. Malacol. Soc. London 
20 (5): 273; fig. 14 

1971 Proterato (Sulcerato) lepida (Gould, 1861) [= Mar- 
ginella] Scutper, Cat. Liv. Foss.Cowries. Inst. Roy. Sci. 
Nat. Belg.: 12 [Figure 9 herein: holotype] 


Original Description: “Proterato tomlini —— Allied to 
callosa, but smaller, aperture narrow, fossula broader, and 
more concave; sub-pellucid, with two or three pale oli- 
vaceous bands which are narrow, distinct, and become 
often obsolete.” (ScHILDER, 1933: 273) 


Description, hypotype: Shell solid, often broad sub- 
centrally; aperture at an angle to the axis, straight (per- 
haps a gentle curve may be present) ; outer lip numerous- 
ly, very finely denticulate, with restricted dentition on 
front columella-fossula margin, with 3 heavy denticular 
ridges obliquely traversing the abapical base; shell glos- 
sy, of-white, with mostly indistinct clouding, banding of 
pale green (C4068A) 


Measurements, holotype: approximately 3.1mm, with- 


out spire 
Measurements: 
hypotype 1 (C4073) (Figure 7a): L—5.7; W- 
3.8; H-3.0mm 
hypotype 2 (C4068) (Figure 7b): L—5.2; W- 
3.5; H-2.8mm 


Type Locality: “Japan” [collected by A. Adams, 1862] 


Distribution: C4073 - Genkai Nada, in 39m of water, 
off Fukuoka, Kyushu; C4068A from same locality; C 
4097 - Moeshima, Kagoshima Bay, Kyushu, Japan [ex 
Hirohito coll., Habe, zn Litt.]. 


Holotype: ex Schilder coll. No. 3729; now ZM, Berlin 
(Kilias, 2 litt.) 


Discussion: Most shells of this species, examined in this 
study, are somewhat broader at the shoulder of the body 
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whorl than Schilder’s type specimen, which appears to 
be smaller than average. 


6. Proterato (Sulcerato) pura (Kuroda & Habe, 1971) 
(Figure 8: topotype, ex Habe) 
1971 Lachryma pura Kuroda « Habe, The shells of Sagami 


Bay: 96 [Engl. version]; i145 [Japan. version]; plt. 108, 
fig 23 (holotype) 


Original Description: “Shell largest for this genus from 
Japan, translucent white, thin, rather solid, ovoid in 
shape narrowing downward and broadest at the shoulder 
of the body whorl. Spie [sic, spire] rather low and whorls 
covered with thin callus. Apex large and blunt, surface 
smooth and polished. Aperture narrow and long, with 
outer margin roundly winged at the shoulder and nar- 
rowly flattened at the edge on which about 22 teeth [are] 
present. Columellar margin slightly rostrated downward 
with three folds and about 12 weak teeth.” (Kuropa & 
Hase, 1971: 96). 


Measurements: 
holotype: L-8.5; W-6.5; H-3.4mm 
topotype (C4069): L—4.8; W-2.9; H-2.5mm 
hypotype (C4070) (Figure 8a): L-8.5; W-5.5; 
H-4.5 mm 


Type Locality: Sagami Bay, Japan 


Distribution: (C4069): 75-85m of water, Sagami 
Bay; (C4070): Moeshima, 86m, Kagoshima Bay, Ky- 
ushu, Japan; Kannontsukadashi-Maruyamadashi, 84m; 
[5.5km W of] Jogashima, in 100 - 110m of water, also in 
73 - 85m nearby; 2km SSW of Jogashima in 65-72m 
[alive], and 2km WNW in 50m. Dispersal is generally 
in east coastal waters from Sagami Bay (Honshu) in the 
north, south to Shikoku and Kyushu. Usually on sandy 
bottom, from 50 to 300m in depth. 


Holotype: His Majesty’s, the Emperor of Japan, coll., 
National Science Museum, Tokyo (Habe, in litt.) 
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Discussion: The species is compared with Lachryma 
callosa (A. Adams & Reeve, 1850) and L. tomliznz (Schil- 
der, 1933): “... in having the large, pure white shell 
with the more elevated spire and the wider aperture.” 
Habe also reports specimens from the Pleistocene of 
Moeshima, Kagoshima Bay; Kyushu, and Jogashima, 
Japan. 


7.Proterato (Sulcerato) sandwichensis (Sowerby 4, 1859) 
(Figure 10: lectotype) 


1859 Erato sandwichensis Sowerby 2™4, Thesaur. Conchyl. 
Erato 3: 82; figs. 21-22 

1860 Erato sandwicensis [err.]. Peas, Proc. Malacol. Soc. 
London 28: 146 


Original Description: “Erato sandwichenss —— E. 
testa tenui, oblongo subpyriformi, pallidé roséa, fusco tri- 
fasciata laevi; labio externo angusto, vix crenulato, posti- 
cé paululum elevato.” (SowErBy 7"4, 1859: 82) 


Description, hypotype: Shell small, solid, ovate, some- 
what inflated subcentrally, narrowing evenly toward the 
front; dorsum smooth; apex of 3 whorls, each broadening 
toward the body whorl; base smooth, inflatedly ovate; 
aperture straight, oblique from axis, evenly broad through- 
out; outer lip forming sharp angle to body whorl (co- 
lumella) adapically; otherwise, outer lip broad, ventral 
surface curving from outside to within, thickly formed 
but not shouldered above; numerous very fine denticles 
on inner edge; columella fairly broad, flattened, deepen- 
ing to the front as a fossula, with fine angular plaits (7) 
at the front; color off-white over all except that 2 wide 
transverse bands of greyish-green divide dorsal surface; 
tip of protoconch solid brown. (C4019). 


Measurements: 
lectotype (designated herein): L — 5.2mm (Way, 
in litt.) 
hypotype: L — 4.8; W - 2.8; H — 2.3mm (C 
4019) (Figure /0a) 


Explanation of Figures 8 to 11 


Figure 8: Proterato (Sulcerato) pura, Draper photo, paratype [6] 


X 13 
Figure 8a: Proterato (Sulcerato) pura, Draper photo, hypotype fos- 
sil, [6] x7 


Figure 9: Proterato (Sulcerato) lepida [= Marginella (Glabella) 
lepida Gould, 1860], USNM photo, holotype [5] x9 


Figure 10: Proterato (Sulcerato) sandwichensis, BMNH photo, 
[7], lectotype x 12 
Figure 10a: Proterato (Sulcerato) sandwichensis, Draper photo, 
[7], hypotype x 13 
Figure 11: Proterato (Sulcerato) stalagmia, Draper photo, [9], holo- 
type x9 
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Type Locality: Sandwich Islands [Hawaii]. 


Distribution: Laysan Island, French Frigate Shoals; 
Tuamotu Archipelago; Makatea, Rangiroa Islands (224 
km NNE of Tahiti); Hawaii: Oahu: Kaneohe Bay, 
Waimea Bay, Haleiwa Bay, Waikiki, Oahu generally; 
Maalaea Bay, Maui; Kailua, Kawaihae, NW Hawaii 
Island; Port Allen, Kauai, Hawaiian Islands. 


Lectotype: BM(NH), Register No. 1962776 (Kay de- 
signation 1964, Way, in litt.) 


Discussion: Of this species, Sowersy 74, (1859) re- 
marked: “Narrower and thinner than E. guttata, with 
distinct bands, and the outer lip narrower and not so 
elevated.” Sowerby 7° appears to be comparing this spe- 
cies with one of his earlier species, Erato guttata, which 
he had described in 1832 as E. guttula. The prior name 
appears to have been misspelled. REEvE (1865), in refer- 
ence to EF. guttata Sowerby 7°, 1859, observed: “This 
specimen is named in Mr. Cuming’s collection E. guttata, 
but it is in such bad state that I must refrain from de- 
scribing it as a species.” However, E. A. Smiru (1910), 
established that Sowerby’s species, EF. guttula, is a mar- 
ginellid; Reeve’s illustration tends to bear out the Smith 
opinion. Thus, it would seem that both names were in- 
validly established and unavailable. 


8. Proterato (Sulcerato) callosa (A. Adams & Reeve, 1850) 
(Figure 12: lectotype) 


1850 Erato callosa A. Adams & Reeve, Zool. Voy. Samarang, 
Moll., London: 25; plt. 10, fig. 32 


Original Description: “Erato callosa —-— Erat. testa 
pyriformi, crassa, tumidd, callosd, spird breviusculd, sub- 
obtusa, columella excavatd, labro conspicué denticulato; 
carned, subtus albicante.” (A. ADAMS & ReEEvE, 1850: 
25) 

“Shell pyriform, thick, swollen, solid, spire short, blunt, 
columella excavated, lip conspicuously denticulate; flesh 
colored, somewhat white” [C. N. Cate, transl.]. 


Description, hypotype: Shell small, pyriformly ovate, 
body whorl large, roundly elevated, inflated; spire evenly 
tapered, moderately elevated, consisting of 2 very broad 
whorls, and one very narrow, hardly discernible; dorsum 
smooth, having characteristic off-white transverse bands 
in the rear dorsal sutures, and across the body whorl cent- 
rally; base smooth, ovate, apertural side somewhat 
straightened; columella broad, concave, without fossular 
depression; aperture fairly wide, almost straight, though 
obliquely angled from shell axis; outer lip thick, broad, 
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sloping, curving abaperturally to outer lip margin; both 
columella and inner edge of outer lip finely dentate, colu- 
mellar teeth almost obscure; shell color pale brown, ex- 
cept that dorsal band, sutures, front terminal projection, 
base, columella, lip and teeth are off-white (C4021; Fig- 
ure /2a). 


Measurements, lectotype (here designated): L-—7.2 


mm (Way, zn litt.) 
Measurements, hypotype (C4021): L — 7.0; W - 5.8; 


H - 4.8mm 
Type Locality: ‘China Seas.” Designated herein: Dru- 
shi, Japan. 
Distribution: Usually occurring in coarse sand and a- 


mong rocks; Genkai Nada; Kushimoto; Ariake Sea; 
Shirahama; Tomika; Aizu; Shinomisaki; Kada; Mera; 
and the Kii Channel, Japan (Habe, zn litt.) . 


Lectotype BM(NH), Register No. 197411/1 (one of 
3 syntypes, designated herein, Way, in litt.) 


Discussion: Adams « Reeve made the following com- 
ment: “An interesting species of rather large size, distin- 
guished by its callous, thickly enamelled growth.” 


9 Proterato (Sulcerato) stalagmia Cate, 1975 
(Figure 71, holotype) 


1975 Proterato stalagmia Cate, The Veliger 17 (3): 261; 
fig. 6 


Original Description: “Shell small, narrowly pyriform, 
without acute lip and body angles; terminals fairly prom- 
inent, bluntly pointed adapically, broadly formed in front; 
dorsum smooth, polished, without sculpture; base nar- 
rowly ovate, broader sub-centrally, narrowing solidly to 
the front, surface smooth, polished; columella fairly broad, 
concave, deepening in the fossula area; aperture uniform- 
ly narrow, almost straight, though slightly angled to the 
left posteriorly. Base teeth: ventral edge of columella 
very finely crenate (clearly visible under magnification) , 
with approximately 8 strongly formed, lengthened dent- 
icles extending over entire base and terminal ridge; outer 
lip broad, convex, not shouldered above, and having nu- 
merous (23) small, short teeth along apertural edge; 
basic shell color very pale greyish-white, with expanded 
pale dark green clouding dorsally, first two whorls of 
apex brown.” (Cate, 1975: 261) 


Measurements, holotype: L —- 6.5; W - 3.7; H - 3.2 


mm 
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Type Locality: Shallow water, Maqueda Bay, Samar, 
Philippines. 


Holotype: LACM No. 1703 


Discussion: This species differs from Proterato callosa 
(A. Adams & Reeve, 1850) by having a narrower shell, 
a nearly straight aperture, much finer, less distinct outer 
lip teeth; by having long, boldly formed denticles tra- 
versing the front base; by its brown colored apex; and by 
having a less distinct, greater dispersal of coloring on the 
dorsum. 


10. Proterato (Sulcerato) recondita 
(Melvill & Standen, 1903) 


(Figure 14, lectotype) 


1903 Erato recondita Melvill « Standen, Ann. Mag. Nat. 
Hist. 12 (7): 302; plt. 21, fig. 9 

1903 Erato recondita var. haplochila Melvill « Standen, 
Ann. Mag. Nat. Hist. 12 (7): 302; plt. 21, fig. 10. 
Lectotype: BM(NH), Reg. No. 1903:12:15:49 (Way, 
in litt.) (Figure 15 herein) 


Original Description: “Erato recondita — — E. testa 
parva, nitida, alba, laevissima, tenui, anfractibus 53, api- 
cali obtuso, mamillato, caeteris laevibus, immaculatis, ul- 
timo magnopere exsuperante; apertura angusta, labro 
supra paullum effuso, nitido, albo, incrassato, intus 
minute denticulato.” (MELVILL & STANDEN, 1903: 302). 


Measurements: “Long. 5, lat. 3mm. (sp. maj.)” (MEL- 


VILL & STANDEN, 1903: 302) 
Measurements, lectotype: L — 5.2mm (Way, in litt.). 


Type Locality: “Hab. Gulf of Oman, lat. 24°58’ N., 
long. 56°54’E., 156 fathoms” [285m] 

Distribution: 
cat 


Arabian Sea: Kuria, Muria, Oman, Mus- 


Lectotype, designated herein: BM(NH), Register No. 
1903:12:15:47; two syntypes in type lot (Way, 
in litt.) 
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Discussion: Melvill « Standen listed the varietal name: 
“Var (vel. so.?) haplochila, nov.” 


11. Proterato (Sulcerato) geralia Cate, spec. nov. 


(Figure 13, holotype) 


Description: Shell small, roundly pear-shaped, solidly 
formed; terminals well developed, prominently in front, 
with a blunt, shortened apex adapically which is almost 
enveloped by rear angle of the outer lip; body whorl in- 
flated, dorsum smooth, glossy; base smooth, glossy, round- 
ly convex sub-centrally, narrowing toward the front; 
aperture almost straight, narrow; columella well defined, 
concave, deepening in the abapical fossular area; outer 
lip broad, surface rounded, smooth except for numerous 
very small fine teethon the apertural edge, denticles length- 
ening in front to the terminal ridge; shell color creamy- 
white over all, except that apex and front terminal canal 
opening are deep rose-lavender. (C3621) 


Measurements: 
Holotype: L - 3.8; W — 2.7; H — 2.1mm (C3621) 
Paratype 1: L - 3.9; W — 2.8; H — 2.2mm (C3621b) 


Type Locality: Geralia, Exmouth Gulf, NW Australia, 
22°00’ S; 114°15’ E. 


Distribution: Lighthouse Beach, Vlaming Head, NW 
Cape: in sand generally throughout the Cape and Ex- 
mouth Gulf Area, NW Australia. Specimens collected in 
the tide drift by Mollie Gedling, Cape Light Keeper, and 
Leslie Figgis, Geralia. 


Holotype: LACM No. 1763 


Discussion: The shells of this species were fairly com- 
mon in the high tide drift. Because of the low, broad, blunt 
spire and the lengthened outer lip to the rear, this new 
eratoid is morphologically unusual and may be easily 
separated from its congeners. It may be compared with 
Proterato stalagmia Cate, 1975 (Figure J/), from which 
it differs by having a broader, rounder, more globose 
body whorl; by having a different basic shell color, with 


Explanation of Figures 12 to 15 


Figure 12: Proterato (Sulcerato) callosa, BMNH photo, [8], lecto- 
type x9 
Figure 12a: Proterato (Sulcerato) callosa, Draper photo [8], hypo- 
type ; x 10 
Figure 13: Proterato (Sulcerato) geralia, Draper photo, [11], holo- 
type x 18 


Figure 13a: Proterato (Sulcerato) geralia, Draper photo [11], para- 


type x 16 
Figure 14: Proterato (Sulcerato) recondita, BMNH photo, [10], 
lectotype X 13 


Figure 15: Erato recondita var. haplochila, BMNH photo [10], 
lectotype x 13 
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rose-lavender apex; by having a shorter, more heavily 
formed apex; and by having a slightly larger combina- 
tion of denticles bordering a more curving aperture. The 
name is derived from Geralia, Exmouth Gulf, NW Aus- 
tralia, where these shells appear to be fairly common, 
especially in the high tide drift. 

Proterato (Sulcerato) geralia may also be compared 
with P (Cypraeerato) bimaculata (Tate, 1878) (Figure 22) 
from South Australia, from which it differs by being a 
smaller, shorter, more spherical shell; by having a more 
curving, somewhat broader aperture; by having more 
numerous, finer teeth on the inner edge of the outer lip; 
by having a different set of shell colors, creamy-white 
overall except that the extremities are covered with an 
intense rosy-lavender color. 


12. (Eratoena) Iredale, 1935 


Type species: Ovulum corrugatum Hinds, 1845 [OD], Zool. 
Voy. Sulphur, Moll.: 47; plt. 16, figs. 5-6 


Diagnosis: “The small sculptured species are very dis- 
tinct from the larger smooth forms of Lachryma [Ire- 
dale, 1931], and as they seem to be represented in the 
fossil state as Eratopsis [Hoernes « Auinger, 1880, a 
genus consisting of 14 fossil and one Recent species, E. 
prayensis Rochebrune, 1881] from the Miocene of Aus- 
tria, the tropical recent species are here separated. The 
nodulation makes the species easily recognisable, but 
when this is subobsolete the apertural characters distin- 
guish them.” (IREDALE, 1935: 97) 


13. Proterato (Eratoena) corrugata (Hinds, 1844) 
(Figure 16, lectotype) 


1844 Ovulum corrugatum Hinds. Zool. Voy. Sulphur, Moll. 
2: 47; pit. 16, figs. 5-6 


Original Description: “Ovulum corrugatum - — Tes- 
ta parva, pallidé virente, dorsd corrugata, lined mediand 
conspicud; apertura angustd, ad basin fusco pictd.” 
(Hinds, 1844: 47) 

Shell small, pale green, dorsum corrugated, conspicuous 
median line; aperture narrow, base ornately darkened. 


Description, lectotype: “Shell ovately pyriform, yel- 
lowish-white, spire obtuse, whorls rather swollen, ob- 
scurely minutely wrinkled [pustulate] at the upper part, 
columella and lip much swollen, aperture very narrow.” 


(Reeve, 1865) 
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Measurements, lectotype: L — 3.9mm (Way, in litt.) 


Type Locality: “New Guinea; in five to twenty-one 
fathoms [9 to 38m], among soft mud.” 


Distribution: Island of Mindoro, Philippines, in sandy 
mud, at a depth of 144m; Loyalty Islands; New Cale- 
donia; Eitape (New Guinea) ; Astrolabe Bay, Bismarck 
Sea, NE of central coast of New Guinea; New Guinea; 
Queensland coast of Australia; Port Curtis, Brisbane 
(Moreton Bay), Mackay River. 


Lectotype (designated herein): BM(NH), Register 
No. 1844:6:7:49 (two syntypes in type lot (Way, in litt.). 


Paralectotype: Figure /6a 


Discussion: Hinds’ holotype appears to be missing or 
undesignated. The Reeve (1865) figure seems to illust- 
rate the lectotype shown herein (Figure /6). 

Along with the 2 mentioned syntypes (Figure /6a) 
which comprise the type lot, is a third shell (Figure 23a), 
which seems more typical of the species Proterato (Cyp- 
raeerato) gemma gemma (Bavay, 1917). It shows an a- 
bundance of dorsal pustulations, whereas the 2 Hinds’ 
syntypes of P (Eratoena) corrugata are very badly worn 
and decorticated. 


14. Proterato (Eratoena) nana (Sowerby 7"4, 1859) 
(Figure 17, lectotype) 


1859 Erato nana Sowerby 2"4, Thes. Conchyl., Erato: 82; 
figs. 12-13 


Original Description: “E. testd albd, ovali, oblonga, 
minutissimé granulata; sulco dorsali angustato, labits mt- 
nuté crenulatis.” (SowERBY 7", 1859: 82) 

Shell white, ovate, oblong, minutely granular; dorsal 
sulcus narrow, lip minutely crenulate. 


Measurements: 
lectotype: L — 3.6mm 
hypotype: L — 4.0;W — 2.5;H — 2.0mm (C4067; 
Figure 17a) 


Type Locality: “Hab. —.” Designated herein as Ama- 
mi-Oshima, south of Kyushu, Japan (28°15’ N; 129°15’ 
E) 


Distribution: 
(Habe, in litt.) 


Shinomisaki, Wakayama, Honshu, Japan 


Lectotype (designated herein): BM(NH), Register No. 
197313/1 (there are 4 syntypes in the type lot; Way in 
litt.) 
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Discussion: Sowerby 7 remarked: “More elongate and 
more minutely granulated than corrugata.” Having stud- 
ied a number of the shells from Japan, I agree with 
Sowerby’s comparison with the shells of Proterato (Erato- 
ena) corrugata (Hinds, 1844). He might also have includ- 
ed the absence of the longitudinal dorsal furrow, often 
missing in some specimens, that is generally so prominent- 
ly visible in this species. It would seem the shell morpho- 
logy and pustulation of this species are intermediate be- 
tween P (E.) corrugata and Hespererato scabriuscula 
(Gray, 1827), the latter being also pustulate but narrower, 
longer, and with a more elongate spire. Though normally 
pustulate, the P (E.) corrugata syntypes are decorticated 
and lack the dorsal medial furrow. In addition, P (E.) 
corrugata and P(E.) nana are separated by their exceed- 
ingly distant living ranges. 


15. Protoerato (Eratoena) sulcifera sulcifera 
(Sowerby 7"*, 1832) 


(Figure 78, Reeve figured specimen) 


1832 Erato sulcifera Sowerby 2°45, Conch. Illustr., Erato (in 
Cypraeidae) 15; fig. 45 


Original Description: “Erato sulcifera — — Shell ovate, 
turbinate, pallid, very minutely and distinctly granular, 
dorsal line wide, deeply impressed; aperture linear, very 
narrow, outer lip thickened, nearly white, minutely tooth- 
ed on its inner margin; anterior part of the columellar 
lip minutely toothed; a single red spot at the anterior 
extremity.” (SowerBy **, 1832: 15) 
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Measurements: 
“length 0.2, breadth 0.1” [inches] [= 5.0, 2.5mm) 
(Sowersy ™, 1832: 15) 
lectotype: L — 6.3mm (Way, in lit.) 


Type Locality: “Cape of Good Hope.” 


Distribution: SE coast of Africa; Natal; Berbera (So- 
mali Republic) ; Assab, Dahlak, Eritrea; Palk Bay, Cey- 
lon. 


Reeve figured specimen: BM(NH) (Way, in litt.) 
Sowerby appears not to have selected a holotype. 


Discussion: Sowerby 74 mentions a single specimen in 
“the late G. Humphrey’s collection.” It appears to be un- 
known how this specimen relates to the shells to which 
Reeve had access. This species has a long and diversified 
living range, with the shells seeming to be small or large, 
depending upon the locality; appearing larger as the 
range extends northward into Japanese waters. Although 
different authors have identified these shells under differ- 
ent names, the species appears to be distinct; it has a 
peculiar narrowness in its shell shape when compared 
with other pustulate eratoid species. 


16. Proterato (Eratoena) sulcifera capensis Schilder, 1933 
(Figure 19, Schilder text figure) 


1933 Proterato capensis Schilder, Proc. Malacol. Soc. Lon- 
don 20: 261; fig. 22 


Explanation of Figures 16 to 18 


Figure 16: Proterato (Eratoena) corrugata, BMNH photo, [13], 


lectotype xX 16 
Figure 16a: Proterato (Eratoena) corrugata, BMNH photo, [13], 
paratype x 16 


Figure 17: Proterato (Eratoena) nana, BMNH photo, [14] lecto- 


type x17 
Figure 17a: Proterato (Eratoena) nana, Draper photo, [14], hypo- 
type Xx 16 


Figure 18: Proterato (Eratoena) sulcifera sulcifera, BMNH photo, 


[15] Reeve figured specimen 


x9 


Explanation of Figures 20 to 23 


Figure 20: Proterato (Eratoena) schmeltziana, MNHN photo, [17], 


holotype x 20 
Figure 21: Proterato (Eratoena) smithi, ZM photo, [18], holo- 
type : X 12 


Figure 22: Proterato (Cypraeerato) bimaculata, SAM photo, [20] 
holotype x17 
Figure 23: Proterato (Cypraeerato) gemma gemma, BMNH photo, 
[21] holotype xX 23 
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Original Description: “Proterato capensis — — Interme- 
diate between sulcifera and smithi: granulation restricted 
as in smithi, but dorsal sulcus well developed at least on 
the extremities; greenish, extremities unspotted.” (ScHIL- 
DER, 1933: 261) 


Figure 19 


Proterato (Eratoena) sulcifera capensis 
Drawing by FE A. Schilder, Type [16] X 20 


Measurements, holotype: “L — 3.9mm; and 19 labial 


and 15 columellar teeth.” 


Type Locality: ‘Port Shepstone [S Natal, E Union of 


South Africa]” 


Distribution: From Algoa and Jeffrey's Bay, Durban, 
south to the Port Alfred area. 


Holotype: Not in Tomlin collection, NMW (Chatfield, 
in litt.) ; not in MZ (Kilias, zn litt.). Type specimen lost 
or misplaced. 


Discussion: Many of Schilder’s type descriptions are 
comparative in nature, referring to charts, graphs, and 
tables. For a serious consideration of these species, the 
student will need to consult the original references to 
this and some other of his species, for descriptive detail. 


17. Proterato (Eratoena) schmeltziana (Crosse, 1867) 
(Figure 20, holotype) 


1867 Erato schmeltziana Crosse, Journ. Conchyl. 15: 301; 
pit. 11, fig. 5 


Original Description: “Erato schmeltziana — — T. ob- 
longa, minutissime et obsolete granulata, nitida, pallide 


albido-viridula, spira parvula, obtusa; anfr. pauci, parum 
conspicui, ultimus ascendens, fere totam testae longitu- 
dinem formans, sulco dorsali, angusio, laevi, longitudinal- 
iter divisus, basi attenuatus et ex utroque latere violaceo 
bimaculatis; apert. elongata, subconstricta; marginibus 
albidis, denticulatis; basi plicatula.” (Crosse, 1867: 301) 

“Shell oblong, shining, covered with very fine obsolete 
granulations, and of light water-green coloration. The 
spire is small and obtuse. The spire whorls are few 
in number and barely apparent; the last, rising and 
constituting nearly the entire shell, is divided longi- 
tudinally by a well defined dorsal furrow, straight 
and smooth; it is attenuate at the base, which car- 
ries at each corner, at the extreme end, two small 
carmine-violet spots. The aperture is long and fairly 
Straight; its edges are whitish and denticulate.” (trans- 


lated from the accompanying French description by Jean 
M. Cate) 


Measurements, holotype: “Long. 34, diam. maj. 13 
mill., (Mus. Godeffroy).”” [Hamburg]. 


Type Locality: 
ji Islands] 


“Hab. Archip. Viti (Dr. Graeffe).” [Fi- 


Holotype: 
in litt.) 


MNBHN, currently without number (Testud, 


Discussion: Crosse stated: “We hardly know a species 
among its congeners with which to compare it except 
Erato nana Duclos [sic, should be Sowerby 7“, 1832], but 
it is more elongate than that species, more finely granu- 
lose and greenish, instead of being white; it is further 
distinguished by the reddish spots at the base. 

“Further, if we compare it with the measurements of the 
Duclos [sic] species in the Thesaurus, the Duclos [sic] 
species would be a little larger and a bit wider (44mm 
3, instead of 34 x 12). E. corrugata Hinds, which also 
has similar, stronger granulations, is easily distin- 
guished by its shape, more globose than that of nana.” 
Crosse appears to have overlooked Erato sulcifera Sower- 
by 2"4, 1832, a species with which E. schmeltziana should 
be compared, and which may possibly be the same species. 
However, their widely separated type localities suggest, 
for the time being, conditional separation. SCHILDER 
(1933) unqualifiedly states that they are the same species. 


18. Proterato (Eratoena) smithi Schilder, 1933 
(Figure 21, holotype) 


1933 Proterato (Proterato) sulcifera smithi Schilder, Proc. 
Malacol. Soc. London 20: 248, 271; fig. 24 
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Original Description: “Proterato (Proterato) s. [sulct- 
fera] smithi — — Allied to sulcifera, differs by the granu- 
lation restricted to the posterior extremity and the spire, 
and by the total absence of the dorsal sulcus; white, rather 
callous, anterior extremity unspotted.” (ScHILDER, 
1933: 248) (It should be noted that Scumper (1971: 
13) recognized P (P) smithi as a distinct species, as listed 
herein). 


Measurements, holotype: Approximately 4.7mm (Kili- 


as, in litt.). 
Type Locality: Mauritius 
Distribution: W Indian Ocean; Mascarene Islands 


(comprising Réunion, Mauritius, and Rodriguez island 
groups, 640 and 800km E of Madagascar). 


Holotype: MZ, without number: ex Schilder coll. No. 
3587 (Kilias, in litt.) 
Discussion: Schilder commented: “This race of sulci- 


fera is evidently common at Mauritius, as it has been 
described as nameless variety of sulcifera by [E.A.] 
Smith (1910) [p. 20] from this island and J. R. le B. 
Tomlin, Ph. Dautzenberg and the museum of Berlin pos- 
sess similar shells from Mauritius, too.” 

It should be noted that this author has seen several of 
the dorsal surface variations mentioned by both Schilder 
and Smith. In almost every instance of a long series of 
shells belonging to the granular (pustulose) eratoid spe- 
cies, one may observe shells only partly granulose (see Fig- 
ure 2] ), some even without pustules in newly adult speci- 
mens, having various amounts of granular deposit, or 
shells which have not yet developed the longitudinal fur- 
row. It is therefore important to be wary of using granula- 
tions and furrow as deciding factors in the determination 
of some species. 


19. (Cypracerato) Schilder, 1932 


Type species: Erato bimaculata Tate, 1878 [OD]. Trans. Phil. 
Soc. Adelaide 1: 88 
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Diagnosis: The shells in this subgeneric group are more 
pyriform, with a greater acute constriction of the base and 
outer lip anteriorly; the fossula is deeply concave, and 
has a distinct angular expansion. 


20. Proterato (Cypraeerato) bimaculata (Tate, 1878) 
(Figure 22, holotype) 


1878 Erato bimaculata Tate, Trans. Phil. Soc. Adelaide 1: 88 


Original Description: “Erato bimaculata — — Shell mi- 
nute, ovately pyriform, pale primrose-yellow to yellowish- 
white, with rufus red around the extremity of the anterior 
canal and on the callus border to the hinder part of the 
aperture; body whorl swollen, constricted at the base; 
outer lip stoutly swollen, extending to the apex of the 
spire, with about twenty-five strong, transverse plicae; 
aperture very narrow, curved, emarginate posteriorly; 
columella with eight crowded transverse plicae.” (TATE, 
1878: 88) 


Measurements, holotype: “Length .17, breadth, .12 
inch.” [L — 4.2; W - 3.0mm] 


Type Locality: “Washed up. - St. Vincent’s Gulf [S 
Australia] at Aldinga and Marino.” 


Distribution: Semaphore, NE ‘Tasmania; Surveyor’s 
Point [near Hobart], NE Tasmania; S Australia: Spen- 
cer’s Gulf, Port Lincoln; Eucla; Great Australian Bight. 


Holotype: AM, No. C 57760; 6 paratypes in type lot 
(Ponder, in litt.). 


Discussion: Tate’s comment about the species: “E. bi- 
maculata closely resembles E. angulifera (Reeve) [sic] 
[Sowerby, 1859] from Borneo, but it has a less angular 
and inflated body whorl, and the coloration is peculiar. 
Three other species are known to inhabit the Australian 
seas, but they have little affinity with our shell.” 

A new species, described herein, Proterato geralia, is 
compared with this species (see above). 


Explanation of Figures 23a to 28 


Figure 23a: Proterato (Cypracerato) gemma gemma, BMNH photo 
[21] (see also account under [13]) X 25 

Figure 25: Alaerato gallinacea, BMNH photo, [24], lectotype x 14 
Figure 25a: Alaerato gallinacea, BMNH photo, [24], paralectotype 
x 4 


Figure 26: Alaerato amamioshima, Draper photo, [26], holotype 

x il 
Figure 27: Alaerato bisinventa, AM photo, [25], holotype X 12 
Figure 28: Alaerato angulifera, BMNH photo,[27],lectotype X 17 
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21. Proterato (Cypraeerato) gemma gemma (Bavay, 1917) 
(Figure 23, holotype) 


1917 Erato gemma Bavay, Journ. Conchyl. 63: 108; plt. 3, 
figs. 1-2 


Original Description: “Erato gemma — — Testa parva, 
solidiuscula, breviter piriformis, spira obtusa, anfractus 
ultimus convexus in dorso longitudinaliter sulcatus, undi- 
que granulatus, granulis peretongatis et a sulcis longitudi- 
nalibus sejunctis, ad aperturami subcomplanatus et granu- 
lis tenuioribus ornatus, antice contractus. Apertura jere 
recta, stricta, denticulata labrum in medio dilitatum, 
tenuiter sex et vices denticulatum, postice productum, 
spirae apicem paululum superans. Color albus, nitens; 
macula carminea altera, minus elongata mediam partem 
hujusdem anfractus notat, apex basisque pallide roseo 
tincta.” (Bavay, 1917: 108) 


Measurements: 
holotype: “Dim. testae: alt. 3mm.4; lat 2mm}.” 
[L — 3.0; W — 2.1mm (Testud, in lit.) ] 


Type Locality: “Lifou, insularum Loyalty, Novae Cale- 
donia in arenis.” 


Distribution: Bismarck Archipelago (Purdy Island) ; 
New Caledonia; Loyalty Islands. 


Holotype: MNHN, Paris (Testud, zn ztt.) 


Discussion: Bavay indicates that the illustrations are 
magnified 14 times in axial dimensions. A free transla- 
tion of the author’s remarks concerning Proterato (Cyp- 
raeerato) gemma gemma is as follows: “Shell small, 
rather solid, short, pyriform, with obtuse spire. Body 
whorl very convex, surface scattered with very long tuber- 
cules, separated from one another by small elongate rid- 
ges; at the edge of the aperture the body whorl is flatten- 
ed and the granulations are closer, more rounded and 
pustulose; the shell is strongly constricted in front. The 
aperture near the right side [obliquely angled] is straight 
and fairly denticulate on each side [of the aperture], the 
reflected lip, near the center, carries 26 teeth, and is 
elongate in back in such a way as to attain and extend 
beyond the level of the summit of the spire. The shell 
color is shining white, a reddish spot aligned transversely, 
fairly straight, exists lengthwise along the surface of the 
body whorl; another reddish spot, smaller and higher, 
marks the center of the dorsal part of the shell; the 
summit and the base are tinted pale rose. 

“It is one of the smallest species of the genus, rather 
similar in form and sculpture to E. nana Duclos [sic] 
[should be Sowerby 7"*, 1859] (= sulcifera Gray [sic] 
[should be Sowerby *"*, 1832], but always differs in base 


color and 2 reddish spots. It is different from E. sandwich- 
ensis Pease [sic] [sandwichensis Sowerby 7%, 1859; sand- 
wicensis Pease (1860) = err. (misspelled) ], which is also 
ornamented with 2 red spots, by its smaller size and by 
the elongate granulations of the shell. Examined were 
twelve examples collected by Bouge, Dautzenberg, and 
my own.” (Jean M. Cate translation). 


22: Proterato (Cypracerato) gemma pygmaea 
Schilder, 1933 


(Figure 24, after Schilder) 


1933 Prolterato (Cypraeerato) pygmaea Schilder, Proc. Ma- 
lacol. Soc. London 20: 248, 270; fig. 29 


Original Description: “Proterato (Cypracerato) pyg- 
maea — — Minute, globose-pyriform, spire blunt, aperture 
rather wide anteriorly, posterior outlet narrow, labial 
teeth rather fine, columella teeth less numerous; dorsum 
granulate, but no trace of dorsal sulcus has been observed; 
the type greenish, anterior extremity tinged with brown, 
paratype pale pinkish.” (Scumper, 1933: 270) 


Figure 24. 


Proterato (Cypracerato) gemma pygmaea 
Drawing by FE A. Schilder, Type [22] X 3o 


Measurements, holotype: 
“China” [Paetel]. 


approximately 3.2mm 
Type Locality: 


Distribution: According to Schilder, “The indications 
of locality in Paetel’s collection have often been proved 
quite unreliable.” Distribution, therefore, is determined 
by Schilder to be the West Indies: Antilles, St. Thomas 
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to Granada; Barbados; Gulf of Paria, Trinidad; Cuba; 
Grand Cayman Island; Jamaica; Florida west coast. 


Holotype: ZM Berlin, Schilder coll. (Kilias, in litt. ) 


Discussion: Kilias, Berlin Museum, personal communi- 
cation: “Schilder (1938) [error, 1933] noticed the two spe- 
cimens of pygmaea were preserved in our museum (coll. 
Paetel), but since the last war we can’t find them.” 

Schilder said: “Two rather worn specimens, labelled 
“minuta Reeve” from China.” Noting the misidentifica- 
tion of these two shells in the Paetel collection, Schilder 
used one for the holotype of Proterato (Cypracerato) pyg- 
maea. The species labelled Erato minuta Reeve, 1865, by 
Paetel was eventually found to be a marginellid from 
Ticao [Masbate Island], Philippines. 


23. Alaerato Cate, gen. nov. 
Type species: Lachryma bisinventa Iredale, 1931 [OD] 


1931 Lachryma Iredale. Rec. Austral. Mus. 18 (4): 223 
(name not validly established) 
Type species: Lachryma bisinventa Iredale, 1931, Rec. 
Austral. Mus. 18 (4): 223 [OD] 


Diagnosis: This new generic group of eratoids is best 
recognized by the exaggerated, wing-like extension of the 
acute angular portion of the posterior outer lip. There is 
usually a noticeable concavity in the shell outline between 
the wing-like projection and the produced spire. These 
species are rather boldly, coarsely dentate, especially on 
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the inner edge of the outer lip and the narrowed anterior 
base. 

The name for this genus is derived from the Latin ala, 
meaning a wing. 


24. Alaerato gallinacea (Hinds, 1844) 
(Figure 25, lectotype) 


1844 Ovulum gallinaceum Hinds, Zool. Voy. Sulphur, Moll. 
2: 47; plt. 16, figs. 1-2 


Original Description: “Ovulum gallinaceum — — Testd 
solidd, retusd, ovata, albidd, nitidd, dorsd superné angu- 
latd, fascid transversd pictd, inferné angustd; spird mi- 
nutissimé granulatd; labro sulcato; columbella ad dimidi- 
um inferiorem sulcatd; aperturd angustd, lineart.” (Hinds, 
1844: 47) 


Measurements, lectotype: L — 4.6mm (Way, in litt.) 


Type Locality: ‘New Guinea, in from five to seventeen 
fathoms” [9 to 31m] 


Distribution: Widespread throughout East Asia, Mal- 
aysia, and Western Pacific; NW Australia, Bay of Car- 
pentaria and Torres Strait. 


Lectotype (designated herein): BM(NH), Register No. 
1844:6:7:51; there were 4 syntypes in type lot (Way, 
in litt.) 


Discussion: Hinds commented: “A small species a- 
dorned on the angle at its back with a single transverse 


Explanation of Figures 28a to 41 


Figure 28a: Alaerato angulifera, Draper photo, [27], hypotype 
x 15 
Figure 35: Marginella donovani, MNHN photo, [29, 30} holo- 
type x7 
Figure 37: Marginella hematita, MNHN photo, [30], holotype X 3 


Figure 40: Erato (Eratopsis) oligostata, USNM photo [32], holo- 


type x 10 
Figure 41: Erato (Eratopsis) prayensis, MNHN photo, [33], holo- 
type xX 14 


Explanation of Figures 42 to 44a 


Figure 42: Hespererato maugeriae, BMNH photo, [35], lectotype 
x 12 
Figure 42a: Hespererato maugeriae, Draper photo, [35], hypotype 
x 10 


Figure 43: Hespererato martinicensis, ZM photo, [36], holotype 
Xx 10 

Figure 44: Hespererato columbella, BMNH photo, [37], Reeve fig- 
ured specimen (lectotype) x 13 


Figure 44a: Hespererato cclumbella var., Draper photo, [37], hypo- 
x 12 


type 
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brown band [cf. Figure 25a, paralectotype]. The aper- 
ture is very contracted, and the outer lip, together with 
the inferior half of the columella, is delicately sulcated. 
Minute granulations cover the spire, but they are scarce- 
ly visible to the naked eye.” 


25. Alaerato bisinventa (Iredale, 1931) 
(Figure 27, holotype) 


1931 Lachryma bisinventa Iredale, Rec. Austral. Mus. 18 
(4): 223; plt. 22, fig. 16 


Original Description: “Lachryma bisinventa —- — An 
elegantly shaped species, with the outer lip angled and 
produced at the upper part. of a different colora- 
tion [than Erato angistoma Sowerby **, 1832] and with 
finer teeth. SmirH (1910) records the labial teeth as 
numbering twenty-three, while over thirty can be dis- 
cerned in our shell.” (IREDALE, 1931: 223) 


Measurements, holotype: L — 5.3; W - 3.6mm (Pon- 


der, in ltt.) 


Type Locality: “Sydney Heads” [jutting point of land 
at entrance to Sydney Harbor, New South Wales, Austral- 
ia] 

Distribution: Southeast Australia; Port Macquarie, N. 
S. W,;; Port Jackson Heads; Ulladulla, N.S. W. 


Holotype: AM, Sydney, No. C 57760 (Ponder, zn litt.) 


Discussion: Iredale’s comment for this species was: “I 
sorted out a specimen from the smaller dredgings of a 
specimen [sic, Editor] which immediately recalled this 
record [referring to a HEDLEY (1918) report of a record 
by Anas (1877: 182, 47) of Erato angistoma Sowerby ™*, 
1832, from Port Jackson Heads, N. S. W], but comparison 
with the Torres Strait shells determined as angistoma 
showed the local shell to be more elegantly formed.” 


26. Alaerato amamioshima Cate, spec. nov. 


(Figure 26, holotype) 


Original Description: Shell small, triangularly ovate, 
solidly formed; dorsum smooth, semiglossy, transversely 
prominently angled subcentrally, with numerous some- 
what obscure pustulations from angle of dorsum to base 
of apex; terminals boldly produced, more or less squarely 
terminated in front, roundly inflated, mammillate poste- 
riorly ; base subtriangular, narrow at widest part, more so 
toward the front; aperture long, evenly narrow through- 
out, open at both ends; columella concave, long, evenly 
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narrow, without teeth; outer lip smooth, broad, trans- 
versely rounded, sloping adaxially to outer margin, barely 
shouldered dorsally; outer lip extended, protruding prom- 
inently posteriorly, wing-like, curving in a semi-circle 
from wing tip to apex; teeth on inner edge of outer lip 
short, sharp, numerous (22), though small and distinct; 
basic shell color whitish-beige over all, with rich, dark 
brown banding traversing dorsal angle, from whence 
coloring extends to the front along either margin, joining 
at base of abapical terminal collar (C4074). 


Measurements, holotype: L — 5.5; W - 3.4; H - 2.7 


mm 


Type Locality: Amami-Oshima, S Japan (Oshima is 
the largest island of the Amami Gun-to island group, lo- 
cated S of Kyushu and N of the Ryukyu Islands} 28°15’ 
INS 12951508: 


Distribution: 


Holotype: NSMT (ex Habe, from Hirohito coll., Cat. 
No. unknown) 


limited to type locality 


Discussion: ‘This new eratoid species at first glimpse 
appears to resemble closely Alaerato gallinacea (Hinds, 
1844). However, there seem to be many morphological dif- 
ferences distinctly separating them. Alaerato amamioshi- 
ma has a narrower, less angular shell at the widest mar- 
gins; the posterior canal and terminal beak are bulkier, 
more distinctly produced; the rear columellar base is more 
acutely formed at the canal, sub-angularly produced, 
pustulate; the ventral outer surface is narrow, less broadly 
curved peripherally; the long teeth of A. gallinacea are 
absent on the front base, and the outer lip teeth are not 
lengthened to the margins; the dorsum is more acutely 
angled transversely; and the shell color is different. 

The name of this new species is derived from com- 
pounding the type locality names. 


27. Alaerato angulifera (Sowerby 7, 1859) 
(Figure 28, lectotype) 


1859 Erato angulifera Sowerby "4, Thesaur. Conchyl., Erato 
3: 83; figs. 25-26 


Original Description: “Erato angulifera — — E. testa E. 
gallinaceae simili, sed breviori, apice magis obtuso, labio 
magis incrassato, apertura magis lineart. — Much shorter 
and more obtuse than E. gallinacea, with the apex more 
obtuse, and the elevation of the outer lip less pointed. The 
outer lip very broad and thick, the mouth straight and 
linear.” (SowERBY 7’, 1859: 83) 
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Measurements: 
lectotype: L — 3.7mm (Way, in litt.) . 
hypotype: L — 4.0; W - 2.5; H - 2.2mm (C3636, 
Figure 28a) 


Type Locality: “Borneo.” 


Distribution: Singapore, Malaysia (C3636) ; Palawan, 
Luzon to Mindanao, Philippines; Brunei, NW Borneo; 
E. Sumatra; Bangka, NW Java Sea; Tiger Island, W 
Celebes. 


Lectotype (designated herein): BM(NH), Register 
No. 197412/1; 4 syntypes in type lot (Way, in litt.) 


Discussion: Scuimper (1933) said: “Specimens from 
Queensland (Mus. Paris [== MNHN] seem to be extremely 
small (L = 17 to 32, mean = 22) as are two unusually 
pyriform shells from Hope Island, Queensland (coll. 
Tomlin) .” 

This species, with its narrow shell and shortened wing- 
like appendage on the posterior outer lip, is readily identi- 
fied; separation from the Hinds species seems to be justi- 
fied. 


28. Erato Risso, 1826 


Type species: Voluta cypraeola Brocchi, 1814 [fossil] [SD] 
Conch. Foss. Subapenn. 2: 231; plt. 4, fig. 10 (Figure 29: 
Schilder text. fig., herein) 


Diagnosis: The species in this generic group are, for the 
most part, from fossil beds of Europe and from the 
waters of the Atlantic Ocean. The teeth on the abapical 
columella and terminal ridge are arranged in a ray-like 
pattern, either longitudinal or oblique; and the shells 
appear never to have color-bands. 

Approximately 44 names have been proposed in this 
genus, and are about evenly divided between species and 
subspecies. Of the total group of 44, only 12 appear to be 
living today and thus are included here. See ScHiLDER 
(1932, 1971) for references to fossil members of Erato. 
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Figure 29 


Voluta cypraeola 


Drawing by EF A. Schilder, [28] x 64 


(Erato) Risso, 1826 


29. Erato (Erato) voluta (Montagu, 1803) 
(Figure 30, from Schilder) 


1803 Cypraea voluta Montagu, Test. Britann. 1: 203; plt. 6, 
fig. 7 

1803 Bulla diaphana Montagu, Test. Britann. 1: 225; plt. 7 
fig. 8 

1804 Voluta laevis Donovan, Nat. Hist. Brit. Shells 5: leg- 
end plt. 165, figs. [described from shell in the Portland 
coll.] [type appears to have been lost (Way, in litt.) ] 

1804 Voluta edentula Donovan, Nat. Hist. Brit. Shells 5: leg- 
end plt. 165, figs. [described from shell in the Portland 
coll.] [type appears to have been lost (Way, in litt.) ] 

1819 Voluta fusiformis Turton, Conch. Dict. Brit. Isl.: 251 

1826 Cypraea ovuliformis syn. rotula Defrance, Dict. Hist. 
Nat. 43: 39 


Explanation of Figures 44b to 44g 


Figure 44b: Hespererato columbella var., Draper photo, [37], hypo- 


type x 16 
Figure 44c: Hespererato columbella var., Draper photo, [37], hypo- 
type x9 
Figure 44d: Hespererato columbella var., Draper photo, [37], hypo- 
type : x7 


Figure 44e: Hespererato columbella var., Draper photo, [37], hypo- 
type X 22 
Figure 44f: Hespererato columbella var., Draper photo, [37], hypo- 
x9 


type 
Figure 44g: Hespererato columbella var., Draper photo, [37], hypo- 
type x7 
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1845 Erato (?) cypraeoides C.B. Adams, Proc. Boston Soc. 
Nat. Hist. 2: 1[= Pachybathron marginelloideum Gas- 
koin, E. A. Smiru, 1910: 21] 

1847 Marginella anglica Gray [non Leacu, 1847: Taytor 
(from Gray), 1847: 267], Ann. Mag. Nat. Hist. 20: 269 
[= voluta Montagu, 1803, as stated by Leacu, 1847: 
269 (55)] 

1879 Erato laevis Weinkauff, in Martini & CHEMNITZ, Syst. 
Conch. Cab. ed. 2, Erato 5: 4 (name preoccupied by 
primary homonym) 

1883 Erato laevis var. oblonga Tryon, Man. Conch. 5: 9 

1933 Erato donovani Schilder, Proc. Malacol. Soc. London 
20 (5): 263; fig. 84 

1971 Erato (Erato) voluta donovani Schilder « Schilder, Cat. 
liv. foss. Cowries, Inst. Roy. Sci. Nat. Belg., (2) 85: 14 


Original Description: “Cypraea voluta - — C. wih 
[sic] a conoid, convoluted shell, of pale greenish color, 
with the outer lip white; extreme volutions two, very 
small; aperture linear, terminated by a groove, or gutter; 
both lips denticulated, the inner one but faintly; columel- 
la sub-plicated. It is a very strong thick shell, with a 
beautiful polish, and quite smooth; the outer lip much 
thickened, with sometimes along the under edge, and both 
angles of the aperture a slight tinge of pink.” (MontTacu, 
1803: 203) 

In the search for the type of Cypraea ovuliformis rotula 
Defrance, 1826, it was found, according to Danrigal (MN 
HN, zn litt.) that Defrance had housed his collection in 
the museum at Caen, NM France. This museum was 
destroyed in the second World War, and his types are pre- 
sumed lost. 


Measurements: “Length not quite half an inch.” (Mon- 
Tacu, 1803: 203) 


LoD VS 


Figure 30 


Erato (Erato) voluta 
Drawing by F A. Schilder [29] x8 


Type Locality: 
land] 


“Salcombe Bay” [Devonshire, SW Eng- 


Distribution: Falmouth; Wales coast; South coast of 
England; Shetland Island; coast of Holland and France, 
and south, including the coasts of Spain and Portugal. 


Holotype: not known (drawing by Schilder from speci- 
men in R. Winckworth coll., BM (NH) ) 


Discussion: Montagu mentioned that the species was 
very rare, and known by him only from the oyster beds off 
Salcombe. His description of the animal: “The animal, 
when alive, extends a thin membrane from each side of 
the aperture, and almost covers the shell; this is elegant- 
ly speckled with bright yellow; the more fleshy parts of 
the body, before and behind, are speckled with pink.” 


Figure 31 


Erato transiens gallica 
Drawing by F A. Schilder [29] x 8 


Figure 32 


Erato transiens transiens 
Drawing by F A. Schilder [29] XxX 74 
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Figure 32a 
Erato transiens (pustulate variety) 
Drawing by F. A. Schilder [29] x11 


According to ScHILDER (1932: 89), Cypraea ovulifor- 
mis Lamarck, 1810, is a synonym of Erato transiens gal- 
lica Schilder, 1932 (Figures 31, 32, 32a); the Schilder 
species is from the Swiss and NW Italian Miocene. De- 
FRANCE (1826: 39) appears to have quoted Montagu in 
error, as no such name as votula can be found in the liter- 
ature attributed to him. Therefore, the name of Defrance, 
because of an invalid designation, must be considered 
invalid. 


30. Erato (Erato) voluta donovani Schilder, 1933 
(Figure 36, Schilder text figure) 


1826 Marginella donovani Payraudeau, Cat. Annel. Moll. 
Corse: 167; plt. 8, figs. 26-27 (Figure 35: holotype) 
1834 Marginella hematita Kiener [non ScuitpeErR, 1971: 14], 
Spec. Icon. Coq., Marginella; 11: plt. 7, fig. 31 (Figure 
37: holotype) 

1839 Marginella cypraeoides Anton [non ScuiLpER, 1971: 
14], Verzeichn. Conch. Samml.: 99 

1845 Erato (?) cypraeoides C.B. Adams, Proc. Boston Soc. 
Nat. Hist. 2: 1 (E. A. Smiru, 1910: 21) 

1879 Erato laevis Weinkauff, in Martini & CuHEmnirz, Syst. 
Conch. Cab., ed. 2, Erato 5: 4 
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1900 Erato laevis var. minor Pallary, Journ. Conchyl. 48: 
307 (Figure 38: herein) 

1933. Erato donovani. ScuitpER, Proc. Malacol. Soc. Lon- 
don 20 (5): 263; fig. 84 


Original Description: “Marginella donovani — — M. 
testd parvd, ovatd, laevi, nitidd, albd; columella quadri- 
plicata plicis minimis; labro laeviter denticulato; spird 
brevi.” (PayRAUDEAU, 1826: 167) 


Measurements: “4 lineas longa.” [ca. 8mm; Editor] 


Type Locality: “Les Golfes d’Ajaccio, de Santa-Manza, 
les iles de Lavezi et Cavallo. Peu commune.” 


Distribution: Western Mediterranean Sea. 


Holotype: location of Schilder’s figured specimen, pre- 
sumably of the ‘holotype’, is unknown. 


Discussion: Payraudeau recognized early that a nomen- 
clatural problem faced this species, and had this to say 
about the apparent error: “I have withdrawn this species 
from the genera where it had been placed by Donovan 
[Voluta laevis Donovan, 1804 = Cypraea voluta Monta- 
gu, 1803] and Montagu [Cypraea voluta Montagu, 1803 
= Erato voluta (Montagu, 1803)] for it is neither a 
Voluta nor a cowry; likewise, I have not been able to 
accept the names which they have imposed on them; Iae- 


Figure 36 


Erato (Erato) voluta donovani 
Drawing by F A. Schilder [30, 29] x 84 


Explanation of Figures 44h to 47a 


Figure 44h: Hespererato columbella var.,Draper photo, [37], hypo- 


type x 10 
Figure 45: Erato? maugeriae var. panamensis, BMNH photo, 
[37], lectotype x9 


Figure 46: Erato leucophaea, Draper photo, [37], holotype xX 94 
Figure 47: Hespererato galapagensis, ZM photo, [38], holotype 
x 12 
Figure 47a: Hespererato galapagensis, ZM photo, [38], paratype 
x 12 
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vis is likely to be applied to any others better than it; 
Voluta does not suit it to advantage.” 

Scuitper (1933) (Figure 36), on the other hand, 
and apparently not having seen the Payraudeau holotype, 
accepts the species as an eratoid from Gibraltar (as 
against Payraudeau’s “Gulf of Ajaccio, Corsica” locali- 
ty). He explains: ‘The Mediterranean representative of 
voluta: it differs in size, projection of spire, and the dar- 
ker color of the outlets. Some series of voluta from vari- 
ous localities in the British Islands, recently sent to the 
writer by R. Winckworth, have confirmed these differ- 
ences.” 


Figure 38 


Erato laevis var. minor 


Drawing by F A. Schilder [30] X 21 


In looking at both the Payraudeau and Schilder illust- 
rations of Erato donovani, it becomes immediately ap- 
parent that they were of two different species. Payrau- 
deau was speaking about a marginellid (PayRAUDEAU, 
1826: figs. 26, 27) and Schilder was talking about a true 
eratoid. The living range of Erato voluta (Montagu, 
1803) is now known to be more or less continuous from 
Great Britain, south along the west European coast to 
Gibraltar, which Schilder cites as the locality for his 
specimen of E. donovani [= E. voluta]. The seeming 
Schilder error, therefore, either indicates a possible new 
subspecific form of the Montagu species, or that it should 
be put into the synonymy of that species of Payraudeau. 
The latter option has been considered herein. 


31. (Eratopsis) Hoernes & Auinger, 1880 


Type species: Eratopsis barrandei Hoernes « Auinger, 1880 
(fossil) (OD). Gast. Mioz. Medit.-Stufe Osterr. 2: 64; 
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plt. 8, fig. 8 (Figure 39 herein: Schilder text fig,) 


Figure 39 
Eratopsis barrandei 
Drawing by F A. Schilder [31] xX 13 
Diagnosis: Shells of this subgenus have an oblique ab- 


apical terminal ridge, which is bold in contrast with a 
weaker terminal ridge bordering the anterior canal; also, 
the fossula is quite broad, and some species may be trans- 
versely ribbed ventrally. 


32. Erato (Eratopsis) oligostata Dall, 1902 
(Figure 40, holotype) 


1902 Erato oligostata Dall, The Nautilus 16 (1): 44 

1909 Erato oligocostata [err?] Kobelt, Arch. Mollusk. 3: 29 

1933 Eratopsis oligostata Schilder, Proc. Malacol. Soc. Lon- 
don 20 (5): 268; fig. 59 (Figure 40a, herein: Schilder 
illustration, fig. 59) 


Original Description: “Erato oligostata — — Shell small, 
very nearly the shape of Trivia atomaria [Dall, 1902], 
but not ribbed, of a pale olive green, with the extremity 
of the canal deep rose pink; spire entirely concealed by 
a microscopically pustulate layer of greenish white cal- 
lus; aperture narrow, very slightly shorter than the spire 
and not angulate externally behind; pillar lip with two 
anterior pliciform and a half dozen small pustular more 
posterior deposits of callus, the outer lip minutely dentate, 
the teeth smaller in front; the canal very short.” (Dat, 
1902i44)) 


Measurements: 
holotype: “Length 3.2, breadth 2.25mm.” 
hypotype: L — 3.5; W — 2.5; H — 2.0mm (LACM 
No. 65-21) 
hypotype: L — 3.4; W - 2.4; H — 2.1mm (C4103) 
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Type Locality: 
ca). 


“Panama Bay” (Pacific Central Ameri- 


Distribution: Intertidal zone, Panama Bay; Rubio & 
Punta Mero, Tumbes Province, Peru, W South America. 


Holotype: USNM, No. 109207 (Rosewater, in litt.) 


Figure 40a 


Erato (Eratopsis) oligostata 
Drawing by F. A. Schilder [32] X 18 


Discussion: These shells are not very difficult to recog- 
nise: first, they are very small; are broad, curiously 
roundly ovate; with perhaps the most distinguishing fea- 
ture being the pale pinkish brown color at the anterior 
terminal end and canal. This coloring often stains the 
ventral surface of the broad, solid outer lip. The apex 
is also darkened. Los Angeles County Museum of Natural 
History has a good representation of this species, which 
seems not to have a living range north of Panama Bay. 
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33. Erato (Eratopsis) prayensis Rochebrune, 1881 
(Figure 41, holotype) 


1881 Erato prayensis Rochebrune, Bull. Soc. Philom. Paris 
(7) 6: 30 


Original Description: “Erato prayensis — — E. testa 
subtrigona, antice angusta, solidissima, nitida, laevis, vi- 
ridula; spira obtusa incrassata; apertura angusta, recta, 
labro reflexo, minutissime multi dentato, columella recta, 
antice sinuata.” (RocHEBRUNE, 1881: 30) 

Erato shell subtriangular, front narrow, solid, glossy, 
smooth, greenish, spire obtusely thickened; aperture nar- 
row, straight, lip reflected, numerous fine teeth, columella 
straight, front bent. 


Measurements, holotype: L —- 5mm; W - 3mm 


Type Locality: “Porto-Praya” [Cape Verde Island] (M. 
de Cessac, Mus. Paris, in litt.) 


Distribution: Central coast of W Africa; Sao Thomé; 
Annobon Island, Gulf of Guinea; Prince Island, (Prin- 
cipe Island, Gulf of Guinea, W Africa) 


Holotype: MNHN (Testud, in litt.) 


Discussion: Rochebrune appears to have overlooked a 
very important morphological character in this species, 
namely the granulation (pustulation) evident around the 
apical end of the shell. Close scrutiny reveals granules on 
the abapical base of the holotype. In examining series of 
shells, one may note the pustulation forming rib-like rows 
of tubercles. 


34. Hespererato Schilder, 1932 


Type species: Erato vitellina Hinds, 1844 [OD], Zool. Voy. 
Sulphur, Moll. 2: 46; plt. 13, figs. 22-23 


Diagnosis: In the shells of this group the fossula seems 


Explanation of Figures 47b to 48b 


Figure 47b: Hespererato galapagensis, ZM photo, [38], paratype 


x 12 
Figure 47c: Hespererato galapagensis, Draper photo, [38], hypo- 
type x 15 


Figure 48: Hespererato vitellina, BMNH photo, [39], lectotype 


x44 
Figure 48a: Hespererato vitellina var., Draper photo, [39], hypo- 
type x 3% 


Figure 48b: Hespererato vitellina var., Draper photo, [39], hypo- 


type 


x4 
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to have become nearly obsolete, and there may be either 
one or two terminal ridges at the abapical canal. 


35. Hespererato maugeriae (Sowerby *™, 1832) 
(Figure 42, lectotype) 


1832 Erato maugeriae Sowerby 2™4, Conch. Illustr., Erato 
(in Cypraea) 14 (4): fig. 47 


Original Description: “Erato maugeriae— —Shell some- 
what conical, turbinate, livid; spire very short, last vo- 
lution ventricose, very obtusely angular behind; outer lip 
thickened, nearly white, toothed along its inner margin; 
a very few distinct teeth near the front [abapical end] of 
the columella.” (SoweErsy *"4, 1832: 14) 


Measurements: 
“Length 0.2, breadth 0.15” [inch: L - 5.0; W - 3.9 
mm] (SowerBy 7", 1832: 14) 
lectotype: L — 5.9mm (Way, zn litt.) 
hypotype: L — 6.0; W - 4.9; H — 3.9mm (C4078) 
(Figure 42a) 


Type Locality: “West Indies”; designated herein as 
Cedar Key, Florida, Gulf of Mexico, off Levy County, 
29°07’N; 83°03’ W, at a depth of 55m 


Distribution: Living at a depth of 4 to 120m of water, 
in sand and algae, from North Carolina, both coasts of 
Florida, south to Brazil. 

Lectotype: BM(NH): specimen figured herein is one of 
8 possible syntypes (Way, in litt.) 


Discussion: Sowerby 7" said the species was common. 
An additional distinguishing morphological character 
should be pointed out: the posterior columellar tooth is 
conspicuously large, rounded, like a drop of water in ap- 
pearance. Sowersy “? (1859: 83) gives the locality of 
Erato maugeriae as the Mediterranean Sea, which ap- 
pears to have been an error, ignoring the correct locality 
recorded in his earlier (1832) work. 


36. Hespererato martinicensis Schilder, 1933 
(Figure 43, holotype) 


1933 Hespererato martinicensis Schilder, Proc. Malacol. Soc. 
London 20 (5): 267 (Figure 43a, herein; Schilder illus- 
tration) 


Original Description: “Hespererato martinicensis -— — 
Closely allied to maugeriae, but usually smaller, labial 
teeth more close and numerous, spire distinctly tinged 
with yellow to reddish, anterior extremity tinged with 


green to pink of a deeper hue than the dorsum; there is 
a rather distinct correlation between these characters, 
intermediate shells seem to be rather scarce, and both 
races, maugeriae and martinicensis, do not seem to oc- 
cur on the same localities.” (ScumLpER, 1933: 267) 
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Figure 43a 


Hespererato martinicensis 


Drawing by F A. Schilder [36] X 13 


Measurements, holotype: “length of outer lip: 3.6 [L 
— 4.5mm]; see formula, ScuiLper, 1933: 250, 
Zoi 


Type Locality: Martinique Island, Lesser Antilles, 
Windward Islands; specimen from Tomlin collection. 


Distribution: 
ward Islands. 


NMW (in Tomlin coll.) (Chatfield, in litt.) 


Martinique Island, Lesser Antilles, Wind- 


Holotype: 


Discussion: Schilder made the following comment: “.. 
other specimens are in the Museum of Berlin [MZ]” and 
“T have seen specimens labelled ‘martinicensis’, Preston 
[Hugh Berthon Preston, shell dealer, England], Cotype, 
but this name never has been published.” 


37. Hespererato columbella (Menke, 1847) 
(Figure 44, Reeve figured specimen) 


1847 Erato columbella Menke, Zeitschr. Malakol. 4: 183 

1852 Erato leucophaea Gould, Boston Journ. Nat. Hist. 6: 
386; plt. 14, fig. 20 [Figure 46: lectotype, MCZ No. 
169224 (Boss, in litt.) ] 

1856 Erato ? maugeriae var. panamensis Carpenter, Proc. 
Zool. Soc. London 24: 162 [Figure 45: lectotype; BM 
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(NH), Register No. 1966619/1; 3 syntypes in type lot 
(Way, in litt.) ] 

1860 Erato marginata Mérch, Malakozool. Blatt. 7: 85 
[type apparently lost; never figured] 


Original Description: “Erato columbella — — E. testa 
turbinata-ovata, laevi, nitida, dorso ventricosa cinerea, 
extremitata utraque carnero tincta; spira brevi, labri 
margine externo incrassato, albido, posterius in angulum 
producto, interno denticulato, columella basi obsolete tri- 
plicata.” (MENKeE, 1847: 183) 


Description, hypotype: Shell of medium size for the 
genus, solid, rhomboidly-ovate, somewhat inflated, 
humped sub-centrally, narrowing evenly to the front; 
dorsum smooth, glossy; apex barely produced, bluntly 
pointed, with 3 nuclear whorls, the primary being very 
narrow; base roundly, inflatedly ovate, tapering rather 
narrowly to the front; columella smooth, somewhat broad, 
curving, without fossula abapically; very fine teeth numer- 
ous at inner edge of base; aperture straight, except curv- 
ing sharply left adapically, as a broad, open tangent at 
angle of shell axis; outer lip broad, thickly rounded, not 
shouldered or sutured above; inner edge of outer lip dis- 
tinctly, though weakly dentate (14); shell color: proto- 
conch dark brown, nuclear whorls lighter brown, with 
pale beige separating sutures between whorls; dorsum, 
rear edge of outer lip and shell interior light brown (Fig- 
ure 44a; C4080) 


Measurements: 
“Long. 3, lat. 2, alt. 1,5 lin.” (MENxeE, 1847: 183) 
[holotype is missing (Way, in litt.) ] 
lectotype: L — 6.3mm, REeEve, 1865, figured speci- 
men, (Way, in lit.) 
hypotype: L — 6.5; W - 5.2; H - 4.1mm (Figure 
44a; C4080) 


Type Locality: “Mazatlan” (Sinaloa, W Mexico] 


Distribution: Coast of California; both coasts of Baja 
California; W coast of Mexico, south and east to Panama 
Bay, Pacific Panama; Ecuador and Peru. 


Lectotype: BM(NH), Register No. not indicated; fig- 
ured specimen in REEvE, 1865 (Way, zn litt.) 
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Discussion: Although Menke appears not to have illus- 
trated thisspecies, he referred instead to Sowerby"’s 1832 
Catalog of Recent Cypraea in Conchological Illustrations 
“p. 16 nr. 7. Verwandt.”; comparing his shell with that 
of “Erato angistoma Sow.” [1832: fig. 51]. 

I have had the advantage of working with an extensive 
collection of Hespererato columbella on loan from LA 
CM, whose distributional localities cover the living ranges 
mentioned above. With this unusual abundance of well 
documented material, it has been possible to arrive at 
the following conclusions (for the sake of brevity, in the 
absence of descriptions, numerous illustrations are pro- 
vided for comparative work with average measurements 
of specimens from various localities) : 

Figure 44a (L - 2.8mm) Bahia Adair, Guaymas; 
Figure 44b (L — 3.9mm) Santa Rosalia, E Baja Califor- 


nia; 

Figure 44c (L — 6.6mm) Los Arcos, Banderas Bay, 
Jalisco; 

Figure 44d (L — 8.7mm) Cedros Island, W Baja Cali- 
fornia ; 


Figure 44e (L — 2.8mm) Loreto, E Baja California 

Figure 44f (L — 7.3mm) Laguna Beach, California; 

Figure 44g (L - 8.4mm) Cabrillo Beach, California; 

Figure 44h (L — 6.0mm) Tobago Island, Panama Bay, 
Pacific Panama. 

The species group of Hespererato columbella (Menke, 
1847), H. panamensis (Carpenter, 1856), H. maugeriae 
(Sowerby ***, 1832) and H. marginata (Morch, 1860) 
presents a very difficult problem in separation. There are 
many reasons for simply lumping them together as one 
species having several indistinct variations (as observed 
in the figured series of shells herein, each representing 
designated localities of listed species names) ; yet, color in 
the anterior canal (cf. Figures 44a and 44f), and outer 
lip dentition (cf. Figures 44b and 44e), do illustrate some 
variation among them. 

Type localities given for Hespererato columbella and 
for H. panamensis, Mazatlan and Panama Bay respect- 
tively, are contiguous, without an apparent break in 
breeding continuity. Physical diagnosis alone must eventu- 
ally determine separation, if any, between the two sym- 
patric populations; shell morphology alone is not distinc- 
tive enough to divide these species at the present time. 


Explanation of Figures 48c to 50a 


Figure 48c: Hespererato vitellina (Erato albescens?), Draper photo, 


[39], hypotype s x 4 
Figure 49: Erato albescens, USNM photo [39] holotype, x 44 


Figure 50: Hespererato scabriuscula, BMNH photo, [40], lecto- 
x6 


type 
Figure 50a: Hespererato scabriuscula, Draper photo, [40], hypo- 
type x8 
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It is true, specific variations do exist among them: be- 
ginning with the east coast of Baja California (San Feli- 
pe), south around Cape San Lucas, then north to ap- 
proximately Monterey Bay, California, the animals seem 
to have slightly narrower, slimmer shells. Additionally, 
for the most part, they do not appear to have the bright 
color tinting of the anterior canal opening (Figures 44d 
and 44e), which one observes as being distinctly different 
from the color in the West Mexican specimens (Guaymas 
to Mazatlan and east on to Panama Bay). 

Therefore, the synonymy in the grouping of these spe- 
cies is on a provisional basis, pending anatomical work on 
their respective animals, which may conclusively demon- 
strate their specific differences, if any. 


38. Hespererato galapagensis Schilder, 1933 
(Figure 47, holotype) 


London 20 (5) : 264; fig. 46 
1971 Hespererato (marginata) galapagensis Schilder, Mem. 
Inst. Roy. Soc. Belg. (2) 35: 15 


Original Description: “Hespererato galapagensis — - 
Small, elongate, distinctly margined, spire projecting, 
labial teeth short, columellar teeth sharply cut, becoming 
parallel oblique ridges anteriorly, fossula obsolete as in 
columbella; smooth, pinkish flesh color to brownish, pro- 
toconch reddish, base, right margin, and suture of spire 
whitish, anterior extremity unspotted though often green- 
ish.” (ScHILDER, 1933: 264) 


Measurements: 
holotype: L — 4.1; W - 2.5mm 
hypotype: L — 4.1; W — 2.5; H — 2.3mm (C4098, 
Figure 47c) 


Type Locality: 
gus Coxe.” 


“Albemarle Island, Galapagos, leg. Ta- 


Distribution: | Specimens are known to have been col- 
lected at most of the Galapagos Islands. 


Holotype: MZ, Schilder coll. No. 3728; paratype I 
(Figure 47a) ; paratype II (Figure 47b) (Kilias, in litt.). 


Discussion: The type specimen was given to Schilder by 
J. R. le B. Tomlin, who had 7 other specimens (2 of which 
are illustrated herein under 47a and 47b). The LACM 
has several specimens from different Galapagos localities, 
which have been loaned for these studies. The shells are 
all very small, more or less constant in general morpho- 
logy, dentition, and color. Some were beach collected; 
others were taken from below low tide depths. 
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39. Hespererato vitellina (Hinds, 1844) 
(Figure 48, lectotype) 


1844 Erato vitellina Hinds, Zool. Voy. Sulphur, Moll. 2: 46; 
plt. 13, figs. 22-23 

1905 Erato albescens Dall, The Nautilus 18 (11): 124 
(Figure 49, herein: holotype) 


Original Description: “Erato vitellina — — Testa obeso- 
ovatd, caeruleo-rufescente; spird retusa; labro incrassatd, 
grossé 7-dentato; columella granulatd; aperturd inferné 
dilatatd, ad basin effusd.” (Hinps, 1844: 46) 


Description, hypotype: Shell large for the family, sub- 
rhomboid, transversely humped, inflated subcentrally; 
dorsum smooth, glossy, bicolored (with the appearance of 
being worn, decorticated ) ; apex 3-whorled, smooth, bare- 
ly elevated, weakly sutured; base roundly rhomboidly-o- 
vate; aperture broad, open, angled; columella smooth, 
without fossula; outer lip relatively narrow, roundly 
thickened, lip angling sharply toward body whorl poste- 
riorly, and having 8 fairly large teeth (denticles vary 
from 7 to 9), with broad interstices, on inner lip edge; 
an equal number of teeth on columellar base margin 
(however, in some instances teeth are rudimentary or 
seem not to exist at all, cf. Figure 48c) ; shell color mul- 
berry brown on central dorsum, with a broad encircling 
lighter brown merging into the beige of outer lip margin; 
base, outer lip, and teeth beige. (C3890) 


Measurements: 
lectotype (designated herein): L — 12.9mm (Way, 

in litt.) 
hypotype 1: L—- 16.1; W - 10.7; H - 85mm 


(C3890; Figure 48a) 
hypotype 2: L — 15.2; W — 10.9; H — 8.3mm (Fig- 
ure 48b; Draper coll.) 


Type Locality: “Bay of Magdalena [W Baja Califor- 
nia], in seven fathoms [12.8m], among sand.” 


Distribution: Roughly from ‘Cave Landing,’ 8km N of 
Pismo Beach, California, south to Magdalena Bay, Baja 
California Sud, including the islands off the Southern 
California and Baja California coasts. 


Lectotype: BM(NH), Register No. 1966236/1 (type 
lot consist of 3 syntypes, Way, zn litt.) 


Discussion: Hinds had this to say about the species: 
“This is the largest species hitherto described, but it is 
not otherwise very prominently distinguished. It possesses 
the peculiar livid color common to most of the species, 
varying to white near the sutures and at the back of 
the lip; the latter is of a horny-green colour.” 
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Dati (1899) appears not to have noticed, nor did he 
report on the worn subfossi! condition of his new species, 
Erato albescens (Figure 49, the holotype) ; the shell of the 
type is decorticated, bleached, with a drill-hole in its 
rear base. I have a similar specimen (C4987, Figure 48c), 
dredged approximately 3km NE of Sandy Point, Santa 
Rosa Island, Channel Islands, California. This shell is 
also subfossil, is a dull whitish, and for the most part, 
lacks the development of columellar teeth on the axial 
base margin. However, like the Dall specimen, there are 
8 denticles on the outer lip. Otherwise, the shell’s dimen- 
sions are: L — 15.0; W — 13.5; H — 10.0mm. 


40. Hespererato scabriuscula (Sowerby **, 1832) 
(Figure 50, lectotype) 


1832 Erato scabriuscula Sowerby 2"4, Conch. Illust. Erato (in 
Cypraea) 15; fig. 45 

1834 Marginella granum Kiener, Cog. Viv., Marginella: 17; 
pit. 8, fig. 33 [Figure 53 herein] 

1932 Erato (Hespererato) granum Schilder, Foss. Cat. 1, 
Animalia (55) 84 (not figured) [= Marginella] 

1971 Hespererato granum Schilder, Mem. Inst. Roy. Sci. 
Belg. (2) 85: 15 (not figured) [= Marginella] 


Original Description: “Ezato scabriuscula — — Shell o- 
vate, turbinate, purplish brown, covered, except the dor- 
sal line [longitudinal sulcus], with minute granules; spire 
short, conical; aperture rather wide, paler colored; colu- 
mellar lip plicated transversely its whole length; outer 
lip thickened, largely toothed on its inner edge; anterior 
canal wide.” (Sowersy *"4, 1832: 15) 


Description, hypotype: Shell medium size, ovate, some- 
what elongate, solidly formed; dorsum smooth (in this 
case), [the dorsal granulation varies considerably from 
one shell to another], although numerous longitudinal 
growth lines are apparent under the microscope, and 
there are a number of exceedingly fine concentric striae 
adjacent to the body whorl suture; apex tapers evenly to 
a rounded point, is 3-whorled; base smooth, rounded, 
narrowly ovate, with numerous very fine granules on 
adapical surface, some barely extending out on dorsum; 


Explanation of Figures 50b to 51 


Figure 50b: Hespererato scabriuscula var., Draper photo, [40], 


hypotype x 8 
Figure 50c: Hespererato scabriuscula var., Draper photo, [40], 
hypotype , x 8 
Figure 51: Hespererato septentrionalis, Draper photo, [41], holo- 
type Xx 20 
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aperture broad, slightly curving, but at an angle to shell 
axis; columella rounded, constricted in front, with several 
(13) well developed, lengthened teeth, evenly spaced the 
full length of columella margin; outer lip broad, roundly 
thickened, not shouldered above, though it forms a callus 
which encircles shell; outer lip teeth are large, heavily 
formed on inner edge of lip, numerous (12) ; shell color 
dark brown over all except that the lateral callus is a 
band of lighter beige-brown, and the outer lip, abapical 
terminal opening, columellar teeth are off-white. (C4020) 


Measurements: 
“length 0.4, breadth 0.2” [inches; L - 10.2; W -5 
mm] (Sowersy 7, 1832: 15) 
lectotype: L — 10.8mm (Way, zn litt.) 
hypotype: L - 10.0; W —- 5.5;H — 4.2mm (C4020, 
Figure 50a: C4081) 


Type Locality: “Brought by Mr. Cuming from St. Elena 
[NW Costa Rica] and Acapulco [W Mexico].” 


Distribution: Gulf of California, W coast of southern 

Mexico, approximately from Banderas Bay, Jalisco, to 

Panama Bay, and S to Ecuador. 

Figure 50a (L — 8.5mm) Ecuador 

Figure 50b (L.- 8.9mm) Palo Seco, Panama Canal 
Zone 

Figure 50c (L_ 8.8mm) Cuastecomate, Jalisco, W Mex- 
ico 


Lectotype (designated herein): BM(NH), Register No. 
1966363/1; type lot consists of 6 syntypes (Way, in litt.) 


Discussion: Sowerby made the observation that young 
shells of this species lack the minutely granular sur- 
face coat (cf: Figure 50c), and therefore do not show 
the longitudinal dorsal furrow. The general peripheral 
outline of the shell is nearly always constant, while on 
the other hand, the dorsal surface varies constantly (cf. 
Figure 50b) from one specimen to another. Therefore, 
a precise description of the dorsum for the species must 
take into consideration all sorts of variations, from a 
smooth polished surface to various degrees of granulation 
in different dorsal areas. The dorsal sulcus may also be 


Explanation of Figures 5/a to 53 


Figure 5la: Hespererato septentrionalis, Draper photo, [41], para- 


type xX 13 
Figure 51b: Hespererato septentrionalis, Draper photo, [41], para- 
type x 20 


Figure 53: Hespererato granum (= Marginella granum), MNHN 
photo, [40], holotype X 25 
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Figure 5/b 


Figure 53 
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lacking in sub-adult shells. The granulation is nearly 
always evident in the apical area. The Los Angeles 
County Museum of Natural History kindly provided 
many specimens from numerous localities for this study. 


41.  Hespererato septentrionalis Cate, spec. nov. 


(Figure 51, holotype) 


Description: Shell small, sub-centrally broadened, nar- 
rowing to become fairly wide at terminal collar anterior- 
ly; apex protrudes, somewhat short, blunt; dorsum glossy, 
with numerous smooth pustules, seemingly geometrically 
deposited in curving longitudinal lines; a deep, broad, 
well defined central longitudinal furrow extends from 
apex to anterior outlet; base glossy, with numerous 
well dispersed pustules, seemingly in a continuous ex- 
tension of the dorsal sculpture; columella flattened, with 
only a shallow deepening of the fossular area; aperture 
fairly broad, at an angle to the median; outer lip broad, 
numerously, heavily scored with distinct, lengthened, 
strongly formed denticles — finer on base edge of aper- 
ture, more weakly formed than last 4 or 5 abapical teeth, 
which are more distinctly visible and longer; shell color 
ivory-white over all, with faint pale brown clouding 
dorsally, terminals darker brown. 


Measurements: 
holotype: L - 3.3; W - 2.1; H - 1.9mm; LACM 
No. 1762 
paratype 1: L — 5.4; W - 3.5;H — 2.8mm (C3618, 
Figure 5/a) 


paratype 2: L — 3.3; W — 2.1; H — 1.9mm (C3631 
a, Figure 5/b) 


Type Locality: Vlaming Head Light beach, in beach 
drift, NW Cape, West Australia; 21°47’ S; 114°10’ E. 


Distribution: NW Cape and Exmouth Gulf generally, 
West Australia. This species is fairly common as seen 
from the number of specimens cast up on the beach 
(Figgis, Geralia, in litt.). 


Holotype: LACM, No. 1762 


Discussion: This new West Australian eratoid species 
probably most closely resembles Hespererato scabrius- 
cula (Sowerby 7%, 1832; Figure 50), although it differs 
significantly from that species by being a much smaller 
shell; by having a lighter, different application of shell 
colors, particularly the absence of dark color on the base, 
columella, outer lip and shell margins. In this new species 
the columellar teeth are finer, less prominent; the longi- 
tudinal dorsal furrow is deeper, more distinctly visible, 
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and the protoconch is shorter, broader, less prominent. 

The name is derived from the Latin word, septentri- 
onalis, meaning northern, belonging to the north (north- 
ern coast of West Australia). The shells were sent to me 
by Leslie Figgis, Exmouth, West Australia (see Cate, 
1973: 36). 
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NOTES & NEWS 


Discontinuous and Continuous 
Color Variation 


in Neosimnia uniplicata (Sowerby, 1848) 
(Mesogastropoda : Ovulidae) 


BY 


RAYMOND W. NECK ' 


As A RESULT OF STRONG, continuous onshore winds, great 
masses of a sea whip, Leptogorgia setacea (Pallas) (Cni- 
daria : Anthozoa : Gorgonacea : Gorgoniidae), are 
washed up on the shores of beaches in south Texas. This 
sea whip is abundant in “muddy bottoms between the 
foot of the sandy beach and the 10- to 15- fathom [18 to 
27m] line,” an area known as the white shrimp ground 
community (HepcreTu, 1954). GUNTER (1950) reported 
L. setacea from trawls taken 3 to 8km offshore northern 
Mustang Island. ParKEeR (1959) reported this sea whip 
as abundant in inlet environments, large open marine 
sounds and nearshore open Gulf areas. These cord-like 
animals rapidly desiccate, but freshly-beached masses still 
support living individuals of the single-toothed simnia 
snail, Neosimnia uniplicata (Sowerby, 1848) (Gastro- 
poda : Mesogastropoda : Ovulidae). Neostmnia uni- 
plicata is considered to be parasitic on the sea whip, 2. e., 
the snail derives nourishment from the sea whip but does 
not kill it. 

Color of the snail is generally described as either yel- 
lowish or purplish (ANDREWS, 1971; FoTHERINGHAM & 
BRUNENMEISTER, 1975) in matching the color of the host 
sea whip (discontinuous color variation). All Leptogorgia 
setacea seen in late February 1976 on the beaches of 
Boca Chica (mainland) and southern Padre Island, Ca- 
meron County, Texas, were of the yellow form. The 
purple form is rather uncommon on south Texas beaches 
(FoTHERINGHAM & BRUNENMEISTER, Of. cit.; personal 
observations). 

While individuals of Leptogorgia setacea are readily 
placed into 2 distinct color forms, 7. ¢., purple and orange, 
continuous variation of color exists within the yellow form 
at least. Variation in the intensity of yellow coloration ap- 


1 Texas Parks and Wildlife Department, John H. Reagan Building, 
Austin, Texas 78701 
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parently has not been reported for either the snail shell or 
sea whip skeleton. Individual “yellow” sea whip strands 
found on the beach vary from a true yellow through yel- 
low orange to a definite orange. Shells of Neosimnia 
uniplicata without exception matched perfectly the color 
of the host sea whip on which they were found. Shell 
color of this species has been assumed to be influenced by 
diet rather than being under strict genetic control (see 
e. g., FOTHERINGHAM & BRUNENMEISTER, 1975). The ex- 
istence of continuous variation within the yellow color 
form of the snail and the perfect matching with the host 
sea whip indicate that the shell pigment is directly de- 
rived from the pigment of the sea whip skeleton. Color 
variation of the snail shell is due directly to color variation 
of the sea whip. 

Suggestion has been made (ANDREWS, 1971: 33) that 
color variations of many species with similar pigment 
origin are not necessarily protective because the color of 
the shell is hidden in life by a coating of periostracum. 
According to this argument the matching of color is 
merely due to deposition of metabolic waste products and 
is adaptively neutral, 7. e., there has been no natural selec- 
tion for the metabolism responsible for deposition of pig- 
ment in the living shell. In Neostmnia uniplicata, how- 
ever, the color of the shell is distinctly visible in life. 

The perfect color matching of the parasitic snail Neo- 
simnia uniplicata with its host sea whip, Leptogorgia seta- 
cea, is the result of pigment derived from the sea whip 
skeleton without alteration in the shell of the snail. The 
purpose of this color matching seems to be to conceal the 
presence of the snail by crypsis from detection by poten- 
tial predators, probably fish. The result of the utilization 
of the pigment from the sea whip by the snail is a dis- 
continuous color variation between the yellow-orange 
and purple forms; however, within the yellow-orange 
form there is a continuous variation from yellow through 
orange. 
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Range Extension 
in Littorina sitkana Philippi, 1845, 
and Range Contraction 
in Littorina planaxis Philippi, 1847 


BY 


SYLVIA BEHRENS YAMADA 


Biology Department University of Oregon 
Eugene, Oregon 97403! 


Keen (1937) states THAT Littorina sitkana Philippi, 
1845 is present from the Bering Sea to Puget Sound and 
that L. planaxis Philippi, 1847 occurs from Puget Sound, 
Washington, to Baja California, Mexico. I find that the 
meeting place of the 2 species is in Charleston, Oregon, 
and not Puget Sound. 

Tuomas (1966) found Littorina sitkana in bays just 
north and south of Lincoln City, Oregon. Isolated pop- 
ulations of small individuals can also be found associated 
with the alga Prasiola, and barnacle cover at Cape Arago 
near Charleston, Oregon. Littorina sitkana has direct de- 
velopment and is found only in favorable habitats in 
which both adults and juveniles can survive. Since adults 
are susceptible to being dislodged by waves, and egg 
masses and juveniles are susceptible to desiccation, this 
species is most abundant in sun- and wave-protected sites 
such as crevices and tide pools as are found in the inland 
seas, bays and fjords of the northern Washington, British 
Columbia and Alaska coasts (BEHRENS, 1972). The south- 
ern Washington and Oregon coasts consist mainly of 
wave-exposed, sandy shores and are thus unsuitable hab- 
itats for L. sitkana. Isolated populations of L. sitkana are, 
however, found on protected rocky outcroppings and in 
bays. 

All references of Littorina planaxis occurring in Puget 
Sound date back to Dat, 1921. The specimens no. 3928, 
upon which Dall bases this record, were kindly made 
available by Dr. Joseph Rosewater of the Smithsonian 
Institution. These specimens are of L. planaxis; however, 
the collection site was not Puget Sound but San Francisco. 
The specimens labelled L. planaxis in the Friday Har- 
bor collection are actually misidentified L. sitkana with 
their grooves eroded away. It is therefore unlikely that 
L. planaxts extends as far north as Puget Sound. 


™ Present address: Department of the Environment, Fisheries and 
Marine Service, Pacific Biological Station, Nanaimo, British 
Columbia, Canada V9R 5K6 
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An Old Name 
for Triptychus pacificus Corgan, 1973 


BY 


PATRICK I. LAFOLLETTE 


Department of Biological Sciences 
University of Southern California and Los Angeles County Museum 
of Natural History, 900 Exposition Boulevard, Los Angeles, CA go007 


Corcan (1973: 258) recently proposed the replacement 
name Triptychus pacificus for Pyramidella (Triptychus) 
olssoni Bartsch (BartTscH, 1926: 2; plt. 1, fig. 11), that 
name being a primary homonym of Pyramidella olssont 
Maury (Maury, 1917: 309; plt. 25, fig. 8). An examina- 
tion of the holotype of Odostomia (Miralda) incantata 
Hertlein & Strong (HERTLEIN & STRONG, 1939: 374; plt. 
32, fig. 19) revealed it to be a synonym, however, and 
Corgan’s name unnecessary. The synonymy for this species 
should therefore read as follows: 


Triptychus incantatus (Hertlein « Strong, 1939) 


Pyramidella (Triptychus) olssoni Bartsch, 1926: 2; plt. 1, fig. 
11 (Holotype, USNM 363066). (Not Pyramidella olssoni 
Maury, 1917: 309; plt. 25, fig. 8) 

Odostomia (Miralda) incantata Hertlein « Strong, 1939: 374; 
plt. 32, fig. 19 (Holotype, CAS 735) 

Triptychus olssoni (Bartsch, 1926). Keen, 1971: 780; fig. 2023 

Triptychus pacificus Corgan, 1973: 358. -— Keren « Coan, 
1975: 39 


Pyramidella (Triptychus) olssoni of Bartsch was de- 
scribed from Santa Elena Bay, Ecuador and Odostomia 
(Miralda) incantata was described from Bahia Honda, 
Veragua, Panama, both Recent. The species’ presently 
known range, based on LACM specimens, extends from 
Isla San Benito, outer coast of Baja California (28°17’N, 
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sta. AHF 1250), through the Gulf of California and south 
to Isla de Santa Clara, Gulf of Guayaquil, Ecuador (03° 
08'S, sta. AHF 508), including Cocos Island, Costa Rica 
and the Galapagos Islands, Ecuador, in depths of 3 to 
88m. The species has also been reported from the Pleisto- 
cene of James Bay, San Salvador Island, Galapagos Is- 
lands (HERTLEIN & STRONG, 1939: 374). 


ABBREVIATIONS 


Allan Hancock Foundation (specimens referred 
to are housed at the Los Angeles County Muse- 
um of Natural History) 

CAS California Academy of Sciences, San Francisco 
USNM_ United States National Museum 


AHF 


Literature Cited 


Bartscu, Pau 
1926. Additional new mollusks from Santa Elena Bay, Ecuador. 
Proc. U.S. Nat. Mus. 69 (20): 20 pp.; 3 plts. (16 December 1926) 
Corcan, JAMES XAVIER 
1973. A new name for Pyramidella (Triptychus) olssoni Bartsch, 1926. 
The Veliger 15 (3): 258 (1 January 1973) 
HerTLeIn, Leo Greorce & ArcHIBALD McCiure Stronc 
1939. Marine Pleistocene mollusks from the Galapagos Islands. 
Proc. Calif. Acad. Sci. (4) 23 (24): 367-380; plt. 32 (20 July ’39) 
Keen, A. Myra 
1971. Sea shells of tropical West America: marine mollusks from Baja 
California to Peru. Stanford Univ. Press, Stanford, Calif. i- xiv+ 
1064 pp.; ca. 4000 figs.; 22 color plts. (1 September 1971) 
Keen, A. Myra & Eucene Victor Coan 
1975. “Sea shells of tropical West America”: Additions and corrections 
to 1975. Western Soc. Malacol. Occ. Pap. 1: 66 pp. (22 June 1975) 
Maury, CarLottTa JoAQuina 
1917. | Santo Domingo type section and fossils. Part 1, Mollusca. 
Bull. Amer. Paleontol. 5 (29): 165-415; plts. 1-39 (number 29 also 
paged separately: 1 - 251) 


The Louise M. Perry Collection 


In her introduction to MarINE SHELLS OF THE SOUTH- 
wEsT Coast oF Fiorma (1940) and its second edition 
(Perry & Schwengel, 1955) entitled Marine SHELLS OF 
THE WESTERN Coast oF FiLorma, Dr. Perry states “The 
study collection upon which the descriptions are based 
has been placed in the Thomas R. Baker Museum at 
Winter Park, Florida.” 

Through the kindness of Mrs. Vera Roberts of Winter 
Park, I have been able to obtain the following informa- 
tion: “Dr. Baker’s first museum was destroyed by fire in 
1909, and he made a new start with a collection given to 
him by Frank A. White. Dr. Baker died in the early 
1930’s and in 1940 [evidently the same year the Perry 
shells were donated] the shells from his museum became 
the nucleus for the Beal-Maltbie Shell Museum at Rol- 
lins College [Winter Park, Florida]. 

“The lady in charge of the Shell Museum at Rollins 
told me Baker’s collection had been absorbed by that 


museum and I would not be able to single out his shells. 
I do know that there are labels that are written from 
Sanibel Island on display now.” 

Whether Louise Perry’s original shell labels have been 
destroyed, or perhaps simply obscured by new ones, is un- 
known at this time. If the present museum is willing to 
cooperate, it might be possible for someone on the spot 
to re-constitute the Perry collection, provided the original 
labels still exist. Since the shells in this collection are 
hypotypes, it is important that they be preserved in a 
group. 

Jean M. Cate 


New Postage Rates 


Although the Postal Service continues to deteriorate con- 
sistently, the postal rates are increased by 30 to 100%. 
We are, therefore, forced to increase the handling charges 
as well as the postage charges on the subscription. The 
following rates will be in effect on all new subscriptions 
and subscription renewals as of December 28, 1975: 

$1.- on subscriptions and memberships in the U. S. A.; 
$2.50 on memberships and subscriptions to PUAS coun- 
tries (Mexico, Central and South America and Spain) ; 
$3.50 to all other foreign countries, including Canada. 
We wish to stress that we are NOT INCREASING 
either membership dues or subscription rates, in spite of 
increased printing costs. But at the same time, we wish 
to call the attention to our Endowment Fund, the income 
from which enables us, in part, to keep these charges at 
the established levels. Contributions (tax deductible in 
the U.S.A.) are always welcome. 


REGARDING POSTAL SERVICE 


Complaints regarding late arrival of our journal are in- 
creasing in number, steadily, continually. However, we 
very conscientiously dispatch our journal on the printed 
publication dates. What happens after deposition at the 
Post Office is, of course, beyond our control. From some of 
our members we have been able to construct a sort of 
probable delivery schedule. In general, within California, 
8 days is usual; outside of California, the time lapse in- 
creases with the distance; the East Coast can consider a 
lapse of “only” two weeks as rapid service; 4 to 5 weeks 
are not uncommon. Foreign countries may count on a 
minimum of one month, six weeks being the more usual 
time requirement and over two months not rare! 
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We are willing to accept requests for expediting our 
journal via AIR MAIL; however, in that case we must 
ask for an additional payment of US$8.00 in all cases 
where the Veliger goes to domestic addresses, and a depos- 
it of US$18.00 for all foreign addresses (including PUAS). 
Of course, we will carry forward as a credit toward the 
postage charges of the following year any amount over the 
actually required postage charges. 


CALIFORNIA MALACOZOOLOGICAL Society, Inc. 
announces 


Backnumbers of 
THE VELIGER 


and other publications 


Volumes 1 through 8: out of print 


Volume 9: $22.- Volume 10: out of print 
Volumes 11 and 12: out of print 
Volume 13: $24.- Volume 14: $28.- 
Volume 15: $28.- Volume 16: $32.- 
Volume 17: $34.- Volume 18: $34.- 


We now have a limited number of volumes 9, 11, 13, 14 
to 18 available bound in full library buckram, black with 
gold title. These volumes sell as follows: Volume 9 at $27.-; 
Volumes 11 and 13 at $29.- each; Volumes 14 and 15 at 
$33.-; Volume 16 at $38.-; Volumes 17 and 18 at $41.75; 
to this we must add a handling charge of $2.75 per volume 
for shipment to domestic addresses and $4.75 for shipment 
to any foreign address. Further, we must collect the appro- 
priate amount of sales tax on the price of the bound vol- 
umes sold to California residents. 


Supplements 


Supplement to Volume 3: $6.-* plus handling charge 
[Part 1: Opisthobranch Mollusks of California 
by Prof. Ernst Marcus; 

Part 2: The Anaspidea of California by Prof. R. Beeman, 
and The Thecosomata and Gymnosomata of the Cali- 
fornia Current by Prof. John A. McGowan] 

[The two parts are available separately at $3.- each plus 
a handling charge (see below). If purchased separately, 
each part is subject to the California State sales tax if 

mailed to California addresses]. 

Supplement to Volume 6: out of print. 

Supplement to Volume 7: available again; see announce- 
ment below. 
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Supplement to Volume 11: $6.-* plus handling charge. 
[The Biology of Acmaea by Prof. D. P. Aszorr et al., ed.] 
Supplement to Volume 14: $6.-* plus handling charge. 
[The Northwest American Tellinidae by Dr. E. V. Coan] 
Supplement to Volume 15: $15.-* plus handling charges 
as follows: $1.50 for addresses in the United States of A- 
merica; $3.00 for all other addresses. 

[A systematic Revision of the Recent Cypraeid Family 
Ovulidae by Crawrorp Neti Cate] 
Supplement to Volume 16: $8.-* plus handling charge. 
[The Panamic-Galapagan Epitoniidae by Mrs. Helen 
DuShane] 

Supplement to Volume 17: $3.-* plus handling charge. 
[Growth Rates, Depth Preference and Ecological Succes- 
sion of Some Sessile Marine Invertebrates in Monterey 
Harbor by Dr. E. C. Haderlie] 

Supplement to Volume 18: $10.-* plus handling charge. 
[The Biology of Chitons by Robin Burnett e¢ al.]. 


(Our supply of this supplement is exhausted; however, 
copies may be available by making application to the 
Secretary, Hopkins Marine Station, Pacific Grove, Cali- 
fornia 93950.) 


Unless otherwise specified, the following guidelines for 
estimating the handling charges should be used: Mini- 
mum for U.S. A. $2.-. If an order is for 2 or more items, 
add $0.40 for each. Minimum for all foreign countries 
$4.-; add $0.55 for each item in addition to the first one. 
These charges reflect the latest increases in fees by the U. 
S. Postal Service. 

These handling charges must, however, remain subject 
to change without prior notice, depending on the vagaries 
of rate-fixing by the postal service. 


Items marked with * are subject to sales tax in the State 
of California; residents of that State please add the 
appropriate amount to their remittances. 


Prices subject to change without notice. 


Send orders with remittance to: 


Mrs. J. DeMouthe Smith, Department of Geology, Cali- 
fornia Academy of Sciences, Golden Gate Park, San Fran- 
cisco, California 94118. Please make remittance payable 
to C. M.S., Inc. in U. S. $, net and free of any fees to the 
Society. 


Shipments of material ordered are made once a month. 


We are forced to adopt this measure because of the con- 
tinual cut-back in personnel at the U. S. Post Office 
with the amount of time wasted standing in line having 
increased to intolerable lengths. Since it requires the same 
amount of time to mail 20 packages as it takes to mail 
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one, the saving of time by our reduced mailing schedule 
is obvious. It becomes glaringly obvious that with the 
increase in postage rates and fees, the service is deteriora- 
ting at increasing rapidity. Although we spend much of 
our time complaining, one voice is not enough to bring 
about a change. 


Subscription to Volume 19 (July 1, 1976 to April 1, 1977) 
is US$ 25.- plus announced postage charges. 


Subscription rate to Volume 20 remains the same. 


Affiliate Membership for the fiscal year 1976/1977 has 
been set again at US$ 12.- plus the announced postage 
charges. 

Membership dues for the year 1977/’78 remain the same. 


We must emphasize that under no condition can we ac- 
cept subscription orders or membership applications for 
calendar year periods. If “split volumes” are required, 
we must charge the individual number costs. Individual 
issues sell at prices ranging from US$12.- to US$20.-, 
depending on the cost to us. 


Effective January 1, 1967 there will be an initiation fee 
of $2.- for persons joining the Society. 
Backnumbers of the current volume will be mailed to new 
subscribers, as well as to those who renew late, on the 
first postal working day of the month following receipt of 
the remittance. The same policy applies to new members. 


A Glossary of A Thousand-and-One Terms 
Used in Conchology 
by Winirrep H. Arnoip 


originally published as a supplement to volume 7 of the 
Veliger has been reprinted and is now available from 
The Shell Cabinet, Post Office Box 29, Falls Church, 
Virginia 22046, U.S. A. The cost is US$ 3.50 postpaid 
if remittance is sent with the order. 


WE ARE PLEASED to announce that an agreement has 
been entered into by the California Malacozoological 
Society, Inc. with Mr. Steven J. Long for the production 
and sale of microfiche reproductions of all out-of-print 
editions of the publications of the Society. The microfiches 
are available as negative films (printed matter ap- 
pearing white on black background), 105mm x 148mm 
and can be supplied immediately. The following is a list 
of items now ready: 
Volume 1: $1.50 

Volume 2: $3.00 


Volume 6: $4.50 
Volume 7: $6.00 
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Volume 8: $6.00 
Volume 10: $9.00 
Volume 11: $9.00 


Volume 3: $3.00 
Volume 4: $4.50 
Volume 5: $4.50 

Volume 12: $9.00 
Supplement to Volume 6: $1.50; to Volume 18: $3.00 
California residents please add the appropriate amount 
for sales tax to the prices indicated. 

Please, send your order, with check payable to Opistho- 
branch Newsletter, to Mr. Steven J. Long, P. O. Box 243, 
Santa Maria, CA 93454. 

Volumes and Supplements not listed as available in 
microfiche form are still available in original edition from 
the Society at prices indicated elsewhere in the NOTES & 
NEWS section. 


WE CALL THE ATTENTION oF our 


foreign correspondents to the fact that bank drafts or 
checks on banks other than American banks are subject 
to a collection charge and that such remittances cannot be 
accepted as payment in full, unless sufficient overage is 
provided. Depending on the American banks on which 
drafts are made, such charges vary from a flat fee of $1.- 
to a percentage of the value of the draft, going as high 
as 33%. Therefore we recommend either International 
Postal Money Orders or bank drafts on the Berkeley 
Branch of United California Bank in Berkeley, California. 
This institution has agreed to honor such drafts without 
charge. UNESCO coupons are N OT acceptable except 
as indicated elsewhere in this section. 


Regarding UNESCO Coupons 


We are unable to accept UNESCO coupons in payment, 
except at a charge of $2.50 (to reimburse us for the ex- 
penses involved in redeeming them) and at $0.95 per $1.00 
face value of the coupons (the amount that we will receive 
in exchange for the coupons). We regret that these char- 
ges must be passed on to our correspondents; however, 
our subscription rates and other charges are so low that 
we are absolutely unable to absorb additional expenses. 


Supplements 


Many of our members desire to receive all supplements 
published by the Society. Since heretofore we have sent 
supplements only on separate order, some members have 
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missed the chance of obtaining their copies through over- 
sight or because of absence from home. It has been sug- 
gested to us that we should accept “standing orders” from 
individuals to include all supplements published in the 
future. After careful consideration we have agreed to the 
proposal. We will accept written requests from individuals 
to place their names on our list to receive all future sup- 
plements upon publication; we will enclose our invoice 
at the same time. The members’ only obligation will be 
to pay promptly upon receipt of the invoice. 

Requests to be placed on this special mailing list should 
be sent to Mrs. J. DeMouthe Smith, Manager, C. M.S., 
Department of Geology, California Academy of Sciences, 
Golden Gate Park, San Francisco, CA(lifornia) 94118. 
However, until further notice, we are suspending the pub- 
lication of supplements until it will be reasonably certain 
that we will not be forced to spend many hours in tracing 
of lost insured or registered parcels and entering claims 
for indemnification. The special mailing list of members 
and subscribers who have entered an “including all sup- 
plements” will be preserved because of our innate opti- 
mism that sometime within our lifetime the postal services 
throughout the world will return to the former excellent 
and reliable performance. 


CALIFORNIA 
MALACOZOOLOGICAL SocIETY, Inc. 


is a non-profit educational corporation (Articles of In- 
corporation No. 463389 were filed January 6, 1964 in 
the office of the Secretary of State). The Society publishes 
a scientific quarterly, the VELIGER. Donations to the 
Society are used to pay a part of the production costs and 
thus to keep the subscription rate at a minimum. Donors 
may designate the Fund to which their contribution is 
to be credited: Operating Fund (available for current 
preduction) ; Savings Fund (available only for specified 
purposes, such as publication of especially long and signi- 
ficant papers); Endowment Fund (the income from 
which is available. The principal is irrevocably dedicated 
to scientific and educational purposes). Unassigned dona- 
tions will be used according to greatest need. 


Contributions to the C. M.S., Inc. are deductible by 
donors as provided in section 170 of the Internal Revenue 
Code (for Federal income tax purposes). Bequests, lega- 
cies, gifts, devices are deductible for Federal estate and 
gift tax purposes under section 2055, 2106, and 2522 of 
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the Code. The Treasurer of the C. M. S., Inc. will issue 
suitable receipts which may be used by Donors to substan- 
tiate their respective tax deductions, 


Membership open to individuals only - no institutional or 
society memberships. Please send for membership ap- 
plication forms to the Manager or the Editor. 


Membership renewals are due on or before April 15 
each year. If renewal payments are made after April 15 
but before March 15 of the following year, there will be 
a re-instatement fee of $1.-. Members whose dues pay- 
ments (including the re-instatement fee) have not been 
received by the latter date, will be dropped from the rolls 
of the Society. They may rejoin by paying a new initiation 
fee. The volume(s) published during the time a member 
was in arrears may be purchased, if still available, at the 
regular full volume price plus applicable handling charges. 


Endowment Fund 


In the face of continuous rises in the costs of printing 
and labor, the income from the Endowment Fund would 
materially aid in avoiding the need for repeated upward 
adjustments of the membership dues of the Society. It 
is the stated aim of the Society to disseminate new infor- 
mation in the field of malacology and conchology as widely 
as possible at the lowest cost possible. 

At a Regular Membership meeting of the Society in No- 
vember 1968 a policy was adopted which, it is hoped, 
will assist in building up the Endowment Fund of the 
Society. 

An issue of the journal will be designated as a Memorial 
Issue in honor of a person from whose estate the sum of 
$5000.- or more has been paid to the Veliger Endowment 
Fund. If the bequest is $25 000.- or more, an entire volume 
will be dedicated to the memory of the decedent. 


Moving? 


If your address is changed it will be important to notify 
us of the new address at least six weeks before the 
effective date, and not less than six weeks before our 
regular mailing dates. Because of a number of drastic 
changes in the regulations affecting second class mailing, 
there is now a sizeable charge to us on the returned 
copies as well as for our remailing to the new address. 
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We are forced to ask our members and subscribers for 
reimbursement of these charges; further, because of 
increased costs in connection with the new mailing plate, 
we also must ask for reimbursement of that expense. 
Effective January 8, 1968 the following charges must be 
made: 


change of address - $1.- 


change of address and re-mailing of a returned issue 
— $2.75 minimum, but not more than actual costs to us. 


We must emphasize that these charges cover only our 
actual expenses and do not include compensation for 
the extra work involved in re-packing and re-mailing 
returned copies. 


In view of the ever increasing difficulties in the postal 
service, it is essential that members and subscribers not 
only give us prompt and early notice of address changes, 
but that proper arrangement for forwarding of our jour- 
nal be made with the local post office (at the old address). 


At present we are charged a minimum fee of $8.50 
on each order for new addressograph plates. For this rea- 
son we hold off on our order until 6 weeks before mailing 
time, the very last moment possible. If, for any reason, 
a member or subscriber is unable to notify us in time and 
also is unable to make the proper arrangement with the 
Post Office for forwarding our journal, we will accept 
a notice of change of address, accompanied by the proper 
fee and a typed new address on a gummed label as late 
as 10 days before mailing time. We regret that we are 
absolutely unable to accept orders for changes of address 
on any other basis. In view of the probable further cur- 
tailment in the services provided by the Postal Service, we 
expect that before long we may have to increase these 
time intervals. 


Claims for defective or missing pages must reach us 
within 60 days from the publication date. We will not 
respond to claims of missing issues made less than 30 
days by domestic addressees, or less than 60 days by foreign 
addressees after the publication date of our journal issues. 
This refusal is necessary as we have received an increasing 
number of “claims” as much as 6 months before the 
claimed issue was to be published. We wish to conserve 
our energy and the cost of postage and stationery for more 
productive purposes. 
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Publication Date of THE VELIGER 


THE PUBLICATION DATE of The Veliger is the date printed 
on the index page; this applies even if the date falls on a 
legal holiday or on a Saturday or Sunday, days when the 
U.S. Postal Service does not expedite second class mail 
matter. That the printed date is the actual date of pub- 
lication under the rules of the International Commission 
on Zoological Nomenclature is based on the following 
facts: 1) The journal is delivered to the Post Office on 
the first day of each quarter, ready for dispatch; 2) at 
least three copies are mailed either as first class items or 
by air mail; 3) about 20 copies are delivered in person 
to the mail boxes or to the offices of members in the 
Berkeley area; 4) two copies are delivered to the re- 
ceiving department of the General Library of the Univer- 
sity of California in Berkeley. Thus our publication is 
available in the meaning of the Code of the ICZN. The 
printed publication date, therefore, may be relied upon 
for purposes of establishing priority of new taxa. 


REGARDING POSTAL SERVICE 


It is general knowledge that in spite of the optimistic 
statements made in the propaganda disseminated by the 
U. S. Postal Service, the service continues to deteriorate. 
Regrettably, however, the United States of America is not 
alone in this respect. Evidence is accumulating in our 
offices to the effect that irregularities occur in other coun- 
tries as well; to our surprise, Japan is one of these. Since 
we have designed a system which makes it impossible to 
omit mailing copies of our journal to any member or sub- 
scriber who is paid up, and because of the regulations 
pertaining to the second class mailing permits, we know 
that if a copy does not reach the addressee, the fault lies 
with the postal system of the country or area of destina- 
tion. Our complaints to the local Post Office can bear no 
fruit in such cases. We must request our members and sub- 
scribers to inquire at their local post offices if their copies 
do not arrive. We cannot replace lost copies free of charge 
and, unless the journal were mailed by insured post, the 
Post Office will not indemnify the injured party. The 
losses we have sustained in the past years have been 
mounting steadily and not in proportion to our increased 
circulation. 
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To Prospective Authors 


Postal Service seems to have deteriorated in many other 
countries as well as in the United States of America. Since 
we will absolutely not publish a paper unless the galley 
proofs have been corrected and returned by the authors, 
the slow surface mail service (a minimum of 6 weeks from 
European countries, 8 to 12 weeks from India and Africa ) 
may make a delay in publication inevitable. We strongly 
urge that authors who have submitted papers to the Veli- 
ger make all necessary arrangements for expeditious read- 
ing of the proofs when received (we mail all proofs by air 
mail) and their prompt return by air mail also. 

Since we conscientiously reply to all letters we actually 
receive, and since we experience a constant loss in insured 
and registered mail pieces, we have come to the conclusion 
that if a correspondent does not receive an answer from 
us, this is due to the loss of either the inquiry or the reply. 
We have adopted the habit of repeating our inquiries if 
we do not receive a reply within a reasonable time, that 
is 6 weeks longer than fairly normal postal service might 
be expected to accomplish the routine work. But we can 
not reply if we have never received the inquiry. 
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Because of some distressing experiences with the Postal 
Service in recent years, we now urge authors who wish 
to submit manuscripts to our journal to mail them as 
insured parcels, with insurance high enough to cover the 
complete replacement costs. Authors must be prepared 
to document these costs. If the replacement costs exceed 
$200.-, the manuscript should be sent by registered mail 
with additional insurance coverage (the maximum limit 
of insurance on parcel post is, at present, $200.-). We are 
unable to advise prospective authors in foreign countries 
and would urge them to make the necessary inquiries at 
their local post offices. 

We wish to remind prospective authors that we have 
announced some time ago that we will not acknowledge 
the receipt of a manuscript unless a self-addressed stamped 
envelope is enclosed (two International Postal Reply 
Coupons are required from addresses outside the U. S. 
A.). If correspondence is needed pertaining to a manu- 
script, we must expect prompt replies. If a manuscript is 
withdrawn by the author, sufficient postage for return by 
certified mail within the U.S.A. and by registered mail to 
other countries must be provided. We regret that we must 
insist on these conditions; however, the exorbitant in- 
creases in postal charges leave us no other choice. 


Important Notices 


In our continuing effort to keep membership dues at an 
absolute minimum, we started last year to enclose notices 
for membership renewals in the January issue. Although 
this was in general successful, some members failed to 
notice the enclosure. We therefore call the attention of 
our members to the enclosed renewal form and the pre- 
addressed envelope. Please note that the dues are still 
only US$12.00 and that to this must be added the proper 
amount for postage. If there is an entry on the line “less 
credit, if any,” that amount is to be deducted from the 
total for dues and postage. If air mail shipment is required 
an additional sum is to be added (US$8.- for addresses in 
the USA, US$18.- for all other destinations. 

To further effect savings, we have had the renewal 
notices printed with the 3 different postage charges. We 
will make every effort to strike out the 2 charges which do 


not apply in a particular case. Should we fail to do so, 
we offer our apology in advance. However, the appli- 
cable charges are simply: $1.- for USA, $2.50 for addres- 
ses in Mexico, Central and South America, and $3.50 for 
all other addresses, including Canada (we must confess 
that we also fail to understand the logic of this exclusion 
of second class postage for Canada from the lower rate 
applicable for the much farther Argentine). 

The use of a common form resulted in a considerable 
saving on the printing bill. 

Subscribers and subscription agencies will be sent the 
usual invoices, as in the past, by first class mail. To over- 
seas addresses the invoices will be sent by air mail. 

We count on the understanding of our members for 
our efforts at savings, which in the last analysis accrue to 
the benefit of the members themselves. 


THE VELIGER is open to original papers pertaining to any problem 
concerned with mollusks. 

This is meant to make facilities available for publication of original 
articles from a wide field of endeavor. Papers dealing with anatomical, 
cytological, distributional, ecological, histological, morphological, phys- 
iological, taxonomic, etc., aspects of marine, freshwater or terrestrial 
mollusks from any region, will be considered. Even topics only indi- 
rectly concerned with mollusks may he acceptable. In the unlikely event 
that space considerations make limitations necessary, papers dealing 
with mollusks from the Pacific region will be given priority. However, 
in this case the term “Pacific region” is to be most liberally interpreted. 

It is the editorial policy to preserve the individualistic writing style of 
the author; therefore any editorial changes in a manuscript will be sub- 
mitted to the author for his approval, before going to press. 

Short articles containing descriptions of new species or lesser taxa will 
be given preferential treatment in the speed of publication provided 
that arrangements have been made by the author for depositing the 
holotype with a recognized public Museum. Museum numbers of the 
type specimens must be included in the manuscript. Type localities 
must be defined as accurately as possible, with geographical longitudes 
and latitudes added. 

Short original papers, not exceeding 500 words, will be published in 
the column “NOTES & NEWS”; in this column will also appear notices 
of meetings of the American Malacological Union, as well as news items 
which are deemed of interest to our subscribers in general. Articles on 
“METHODS & TECHNIQUES” will be considered for publication in 
another column, provided that the information is complete and tech- 
niques and methods are capable of duplication by anyone carefully fol- 
lowing the description given. Such articles should be mainly original 
and deal with collecting, preparing, maintaining, studying, photo- 
graphing, etc., of mollusks or other invertebrates. A third column, en- 
titled “INFORMATION DESK,” will contain articles dealing with any 
problem pertaining to collecting, identifying, etc., in short, problems 
encountered by our readers. In contrast to other contributions, articles 
in this column do not necessarily contain new and original materials. 
Questions to the editor, which can be answered in this column, are in- 
vited. The column “BOOKS, PERIODICALS, PAMPHLETS?” will 
attempt to bring reviews of new publications to the attention of our 
readers. Also, new timely articles may be listed by title only, if this is 
deemed expedient. 

Manuscripts should be typed in final form on a high grade white 
paper, 81/2” by 11”, double spaced and accompanied by a carbon copy. 

A pamphlet with detailed suggestions for preparing manuscripts 
intended for publication in THE VELIGER is available to authors 
upon request. A self-addressed envelope, sufficiently large to accom- 
modate the pamphlet (which measures 51/2” by 81/2”), with double first 
class postage, should be sent with the request to the Editor. 


i 


eh 
Sa Pa 


hie sth sis 


EDITORIAL BOARD 


Dr. Donatp P. Azsort, Professor of Biology 
Hopkins Marine Station of Stanford University 


Dr. Warren O. Appicott, Research Geologist, U. S. 
Geological Survey, Menlo Park, California, and 
Consulting Associate Professor of Paleontology, Stan- 
ford University 


Dr. Jerry Donouve, Professor of Chemistry 
University of Pennsylvania, Philadelphia, and 
Research Associate in the Allan Hancock Foundation 
University of Southern California, Los Angeles 

Dr. J. Wyatt Duruam, Professor of Paleontology 
University of California, Berkeley, California 

Dr. Caper Hanp, Professor of Zoology and 
Director, Bodega Marine Laboratory 

University of California, Berkeley, California 

Dr. Joe. W. HeEpcretu, Resident Director 

Marine Science Laboratory, Oregon State University 
Newport, Oregon 

Dr. A. Myra KEEN, Professor of Paleontology and 
Curator of Malacology, Emeritus 

Stanford University, Stanford, California 


Dr. Vicror Loosanorr, Professor of Marine Biology 
Pacific Marine Station of the University of the Pacific 


EDITOR-IN-CHIEF 


Dr. Rupoir SToHLER, Research Zoologist, Emeritus 
University of California, Berkeley, California 


Dr. Joun McGowan, Associate Professor of 
Oceanography 


Scripps Institution of Oceanography, La Jolla 
University of California at San Diego 

Dr. Frank A. Pire.xa, Professor of Zoology 
University of California, Berkeley, California 
Dr. Rosert Rosertson, Pilsbry Chair of Malacology 
Department of Malacology 

Academy of Natural Sciences of Philadelphia 
Dr. Peter U. Roppa, 

Chairman and Curator, Department of Geology 
California Academy of Sciences, San Francisco 
Mr. Attyn G. Smiru, Research Associate 
Department of Geology 


California Academy of Sciences, San Francisco 


Dr. RatpuH I. Smirn, Professor of Zoology 
University of California, Berkeley, California 


Dr. Cuarzes R. STASEK, 
Bodega Bay Institute 


Bodega Bay, California 


Dr. T. E. THompson, Reader in Zoology 
University of Bristol, England 


ASSOCIATE EDITOR 


Mrs. Jean M. Care 
Rancho Santa Fe, California 


7 TS eal 


* . ~ SECTIONAL LIBRARY 
73 DIVISION OF MOLLUSKS 


1 /. 
THE 


VELIGER 


A Quarterly published by 
CALIFORNIA MALACOZOOLOGICAL SOCIETY, INC. 
Berkeley, California 


VOLUME 19 APRIL I, 1977 NUMBER 4 


CoNnTENTS 


Preliminary Review of the Northwest American Carditidae. (4 Plates) 
ZUGENE VAGOANS 5) 02 i sc ee Ae ieee ma sk S 96 


A Review of the Genus Triopha ae eee ‘3 Plates; 10 Text a) 
ANTONIO J. FERREIRA . . . . . 387 


The Family Columbellidae in the Western Atlantic. (2 Plates; 4 Textfigures) 
Greorcz E. Rapwin.. . MMe ACN altel weclie. </AOF 


On a Pleurobranchid from the Mediterranean. (1 Plate; 7 Text figures) 
Eve.ine pu Bors-ReyMonp Marcus ........ +... +... . 418 


First Record of Mitre mitra (Linnaeus, 1758) (Gastropoda : Prosobranchia) on 
the Pacific Coast of see South America. (1 Plate; 3 Text figures) 


Rupo von Coszt . . . Ca ionay icy Housel’ oul tenaiain re 22 
A New Species of Freshwater Clam from Java, Indonesia (Bivalvia : Corbiculidae). 
(1 Text figure) 
IMAGHFUDZ/DDJAJASASMITA, (5) fj chs re es Mew 8 ee BOG 
A Field Observation of Aggressive Behavior Between Two North Pacific Octopus, 
Octopus dofleini martini. (1 Plate) 
Mircwae. A. Kyre & Grecory W.CourTNEY . . . . . . - 2 6 © «© + « 427 
Vitrea contracta (Westerlund) (Mollusca : Pulmonata) in the San Francisco Bay 
Area, California. 
ARR VPROTE Ge eee eye eee ey hc se ck af me oe we ey et ew BGO 
The Fine Structure of the Spermatozoon of the Protobranch Bivalve, Nucula hart- 
vigiana Pfeiffer. (1 Plate) 
oD PoprHAMce DB. MARSHADE 650 6 Oe ee es ee ee ASE 


[Continued on Inside Front Cover] 


Note: The various taxa above species are indicated by the use of different type styles 
as shown by the following examples, and by increasing indentation. 


ORDER, Suborder, DIVISION, Subdivision, SECTION, 
SUPERFAMILY, Famity, Subfamily, Genus, (Subgenus) 
New Taxa 


Second Clase Postage Paid at Berkeley, California 


Contents — Continued 


Description of a New Bivalve of the Genus Macoma from the Pliocene of Central 


California. (1 Plate; 2 Textfigures) 
AS James: Nrkas TTT © ic a) eyeetiet pen teen ea enue carte thie eT 
Removal of Living Snails from their Shells by a Hermit Crab. 
James G. RuTHERFORD (5) <3) 2) iow Gee ol eh rei etre bros od 
NOTES & NEWS ... . A a OR, eraral Mahi Sayles aired eemmemeZCLS 
Soviet Contributions to Maeno in 1975. Morris K. JACOBSON & 


KENNETH J. Boss 
Shells Inhabited by Pagurus hirsutiusculus (Dana) at Coyote Point Park, 


San Francisco Bay, California. Mary K. WICKSTEN 
Comment on “A Review of the Eratoidae” by Crawford N. Cate. 
A. Myra KEEN 
METHODS & TECHNIQUES... . oa eg5S 
Artifacts Incurred by the Treatment of ect Rudulae ae Alkalies. 
(1 Text figure) Davp R. LinDBERG 
BOOKS, PERIODICALS & BAMPEIEE MS eines elrniln iyi tne inn mE cy 


Distributed free to Members of the California Malacozoological Society, Inc. 
Subscriptions (by Volume only) payable in advance to Calif: Malacozool. Soc., Inc. 


Volume 20: $25.- plus postage ($1.- in U.S.A.; $2.50 to RU.A.S.; $3.50 to ail 
other foreign Countries, including Canada). 
Single copies this issue $12.-. Postage additional. 


Send subscription orders to Mrs. J. DEMouTHE SmitH, % Department of Geology, 
California Academy of Sciences, Golden Gate Park, San Francisco, CA 94118 
Address all other correspondence to Dr. R. StouHuer, Editor, Department of Zoology 

~ University of California, Berkeley, CA 94720 


Vol. 19; No. 4 


THE VELIGER 


Page 375 


Preliminary Review of the Northwest American Carditidae 


BY 


EUGENE V. COAN 


Research Associate, Department of Geology, California Academy of Sciences 
Golden Gate Park, San Francisco, California 94118 


(4 Plates) 


I HAVE CONDUCTED a survey of the Recent species of the 
bivalve family Carditidae occurring on the northwest 
American coast, and I propose to present here some 
tentative conclusions and notes on type material, includ- 
ing a number of lectotype designations. 

The Carditidae, particularly the genus Cyclocardia, is 
a difficult group to deal with taxonomically because spe- 
cies display a bewildering degree of morphological vari- 
ability. I suspect that there are two principal reasons for 
this. First, most if not all species brood their young, a 
situation which, among sessile benthic invertebrates, 
would tend to give rise to a greater degree of genetic iso- 
lation and morphological variation between populations 
than in species with pelagic larvae. In the genus C'yclo- 
cardia this high potential for genetic isolation can oper- 
ate in combination with a northern distribution along the 
complex Alaskan and Canadian coastlines. Secondly, the 
genus Cyclocardia has a long geologic history, not only on 
this coast but also in eastern Asia. The taxonomic analysis 
of Recent species must take into account species-names 
based on this fossil record, and the high degree of morpho- 
logical variability observed in Recent species is also to be 
seen in fossil material. 

Two major species-complexes in particular will require 
statistical analysis of many specimens from a wide array 
of stations, both geographically and chronologically. These 
are the complex of Cyclocardia crebricostata (Krause, 
1885), centered in the Bering Sea, and that of C. ventri- 
cosa (Gould, 1850), distributed from the Gulf of Alaska 
to central Baja California. 

Previous general monographs on the Recent Carditi- 
dae are those of Reeve (1843, 1844), Cressin (1887- 
1888), and Lamy (1922). The West American species 
were discussed by Dat (1903a). Recent Japanese species 
have been analyzed by Trea (1972), while Hirayama 
(1955), in reviewing some Tertiary forms, listed the Re- 
cent and fossil Japanese species. SLODKEWiTScH (1938) 
reviewed the Siberian fossil species; many others have 


since been described from that area. YONGE (1969) re- 
viewed the functional morphology of members of the 
family, discussing three West American species. 

In the present study, I made an attempt to locate the 
type material of each nominal northwest American taxon 
in the family and to photograph the holotype or a poten- 
tial lectotype of each. I also made a preliminary analysis 
of all the Recent material in the collections of the United 
States National Museum of Natural History, the Califor- 
nia Academy of Sciences, the Los Angeles County Muse- 
um of Natural History, the Academy of Natural Sciences 
of Philadelphia, and the United States Geological Sur- 
vey in Menlo Park, California. The morphological and 
distributional notes in this paper are based on that review. 

Each species discussion contains a brief synonymy, with 
references listed in chronological order under each 
species-name. Changes in generic assignment are given 
in brackets after the reference in which the change is 
first made. This is followed by information about the type 
material and type locality of each nominal taxon, includ- 
ing a number of lectotype designations. A final section 
contains discussion of nomenclatural and taxonomic ques- 
tions, and notes on morphology and distribution. Illustra- 
tions are provided of as many type specimens as possible, 


The following abbreviations are used in the text: 
CAS  - Department of Geology, California Academy 
of Sciences, San Francisco, California 
LACM - Department of Invertebrate Zoology, Los An- 
geles County Museum of Natural History, Los 
Angeles, California 
— Department of Mollusks, Museum of Compar- 
ative Zoology, Harvard University, Cambridge, 
Massachusetts 
USNM - Division of Mollusks, United States National 
Museum of Natural History, Washington, D.C. 
USFC —- United States Fish Commission (station num- 
ber) 
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collections, or helpful criticism of the resulting manu- 
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Carditameridae 


Cyclocardia Conrad, 1867 


Cyclocardia bailyi (J. Q. Burch, 1944) 
(Figure 7) 


Cardita (Cyclocardia) bailyi J. Q. Burch, 1944 [replacement 
name for Cardita nodulosa (Dall), non Lamarck, non 
Reeve] 
Burcu, 1944: 13; Burcu, 1945a: 33; Burcu, 1945b: 30 
Venericardia nodulosa Dall, 1919 
Dati, 1919: 249 - 250 
[non Cardita nodulosa Lamarck, 1819: 25] 
[non Cardita nodulosa Reeve, 1843: plt. 9, fig. 44] 
Cardita (Cyclocardia) longini Baily, 1945 [unnecessary re- 
placement name] 
Barmy, 1945: 118-119 


Type Material and Locality: 

V. nodulosa Dall - USNM 211887, lectotype (herein), 
right valve; length, 10.5mm; height, 9.6mm; thick- 
ness, 3.2mm (Figure 1). USNM 756649, paralecto- 
types. USFC 2901, off Santa Rosa Island, Califor- 
nia (34°05’N; 120°02’ W) ; 88m (as 48 fms.) ; gray 
sand and mud; 12.8°C (as 55°F). 


THE VELIGER 


Vol. 19; No. 4 


Discussion: 

The specific name Cyclocardia baily: is retained as re- 
quired by the 1972 revision of ICZN Article 59b(i) (first 
sentence) (Stott e¢ al., 1964). Although a condition of 
secondary homonymy no longer exists, a species renamed 
prior to 1961 because of secondary homonymy is to re- 
main under its replacement name unless this is “contrary 
to existing usage.” I have elsewhere reaffirmed the avail- 
ability of taxa proposed in the “Minutes of the Concho- 
logical Club of Southern California,” including this one 
(Coan, 1976). 

This species is a distinctive, uncommon offshore form 
restricted to the area from San Miguel Island, Califor- 
nia (USNM 209645), to Punta Rompiente, Baja Cali- 
fornia Sur (LACM 71-167), at depths of 30 to 274m 
on soft bottoms. Jones (1963) has shown that it broods 
its young and that they are distinguishable from those of 
Cyclocardia ventricosa redondoensis (T. Burch in J. Q. 
Burch, 1944). As an adult, C. baily: may be separated 
from the latter by its lack of a well defined lunule, more 
nodulose sculpture on its 13 to 15 ribs, more trigonal 
shape, more prominent beaks, and its thinner, lighter- 
colored periostracum. A large specimen may attain a 
length and height of 13.5mm (LACM 68-131). 


Cyclocardia barbarensis (Stearns, 1890) 
. (Figure 2) 


Venericardia barbarensis Stearns, 1890 
Stearns, 1890: 214-215; 225 (plt. expl.); plt- 16, figs. 3,4 
Dart, 1903a: 708 [Venericardia (Cyclocardia)] 
Wooprinc, BRAMLETTE & Kew, 1946: 82, 83; 131 (plt. 
expl.) ; plt. 31, figs. 11, 12 [Cyclocardza] 


Type Material and Locality: 
USNM 104045, lectotype (herein), right valve with a 


Explanation of Figures 7 to 5 


Figure 1: Cyclocardia bailyi (Burch). Lectotype (herein) of 
Venericardia nodulosa Dall; USNM 211887; off Santa Rosa Island, 
California; length, 10.5mm. External and internal views of valve 
Figure 2: Cyclocardia barbarensis (Stearns). Lectotype (herein) 
of Venericardia barbarensis Stearns; USNM 104045; off Santa Rosa 
Island, California; length, 14.1 mm. External and internal views of 
valve 

Figure 3: Cyclocardia crassidens (Broderip « Sowerby). Neotype 
(herein) of Astarte crassidens Broderip « Sowerby; USNM 207300; 


Icy Cape, Arctic coast of Alaska; length, 33.6mm. External and 
internal views of valve 

Figure 4: Cyclocardia crassidens (Broderip & Sowerby). Lectotype 
(herein) of Cardita borealis paucicostata Krause; Zool. Mus., Hum- 
boldt-Univ. 37928; Emma Harbor, Plover Bay, Siberia; length, 31 
mm. External view of right valve 

Figure 5: Cyclocardia crassidens (Broderip & Sowerby). Lectotype 
(herein) of Venericardia (Cyclocardia) rudis Dall; USNM 1092373; 
Kiska Island, Alaska; length 31mm. External and internal views of 
valve 


[Coan] Figures 1 to 5 
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blue dot, figured in external view by STEARNS (1890: 
fig. 3); length, 14.1mm; height, 13mm; thickness, 
4mm (Figure 2). USNM 754783, paralectotypes. 
USFC 2840, off Santa Rosa Island, California (34° 
11’N; 120°15’ W) ; 505m (as 276 fms.) ; green mud; 
6.6°C (as 43.9° F). 


Discussion: 

This species occurs only in the Santa Barbara Basin 
area from 375 to 2211m on soft bottoms. Material in the 
USNM from further south in southern California, which 
was included with other lots of this species and cited by 
Datt (1916a) and others, is here questioned. Specimens 
in USNM 209393 from off Point La Jolla are juveniles 
and are more likely Cyclocardia ventricosa redondoensis. 
Specimens of C. barbarensis in USNM 205886 labeled as 
coming from “off Point Loma” are also numbered “USFC 
4432,” a station off Santa Barbara. 

Shells of this species are thin, with 19 to 20 low ribs 
and a thin, dark periostracum. Its hinge is narrower than 
that of Cyclocardia ventricosa redondoensis; its beaks 
are smaller, and its shape more oblique. Jones (1963) 
showed that the species broods its young. 


Cyclocardia crassidens (Broderip « Sowerby, 1829) 
(Figures 3 to 5) 


Astarte crassidens Broderip « Sowerby, 1829 
BropErIP & SOWERBY, 1829: 365 
Dati, 1903c: 949-950, 951 (plt. expl.) ; pit. 63, fig. 9 
[Venericardia] ; 
MacGinitre, 1959: 170-171; plt. 22, figs. 7 - 10 [Cardita] 
Petrov, 1966: 214 - 215, 256 (plt. expl.) ; plt. 16, figs. 1, 
2, text fig. 112 [Venericardia] 
Cardita borealis Conrad, auctt., non Conrad, 1832 
Sowersy, 1839: 152; plt. 44, fig. 1 
[not Conran, 1832: 39; plt. 8, fig. 1] 
Cardita borealis “var.” paucicostata Krause, 1885 
Krause, 1885: 30; plt. 3, fig. 5 
MacGinitre, 1959: 170-171 [as a synonym of Cardita 
crassidens]| 
MERKLIN, PeTRov « Amitrov, 1962: 36; plt. 5, figs. 5, 6 
[Venericardia] 
Petrov, 1966: 216, 256 (plt. expl.); plt. 16, figs. 4-5; 
text fig. 114 [Venericardia] 
Venericardia (Cyclocardia) rudis Dall, 1903, ex Sowerby MS 
Dat, 1903a: 711 [as “ex Gray MS”] 


Type Material and Localities: 

A. crassidens — Not in the British Museum (Natural 
History (Kathie Way, letter of 3 April 1975). USNM 
207300, neotype (herein), right valve; length, 33.6 
mm; height, 33.1 mm; thickness, 9.3mm (Figure 3). 
Original: Icy Cape, Arctic coast of Alaska; Lieuten- 
ant Belcher. Neotype: Icy Cape; W. H. Dall. 
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C. borealis paucicostata — Institut fiir Spezielle Zoologie 
und Zoologisches Museum der Humboldt-Universi- 
tat, Berlin, Mollusca 37928, lectotype (herein), 
pair, specimen figured by Krause (1885) ; length, 
31mm; height, 26.4mm (Figure 4). USNM 61298, 
paralectotype, pair. Emma Harbor, Plover Bay, Si- 
beria; 27m (as 15 Faden); A. Krause and his brother. 

V. (C.) rudis - USNM 109273, lectotype (herein), 
right valve, the specimen figured by Dati (1903c) 
as V. crassidens; length, 31mm; height, 31 mm (Fig- 
ure 5). Dart (1903a) did not specify one locality, 
but gave a broad distribution. The lectotype chosen 
is from Kiska Island, Aleutian Islands, Alaska; it 
was labeled “V. rudis” and “Types — fig’d.” by Dall. 


Discussion: 

Although Dati (1903c) and MacGinimie (1959) a- 
dopted the name Astarte crassidens for this species, the 
original description by BropErip & SOWERBY (1829) is 
very brief and ambiguous, and the type specimen, never 
illustrated, has been lost. In order to prevent future con- 
fusion, I have selected a neotype for it, as well as a lecto- 
type for the synonymous Cardita borealis paucicostata 
Krause, 1885. 

Dati (1903a) credits Venericardia (Cyclocardia) rudis 
to “Gray, 1839.” Actually, SowEersy (1839), not Gray 
was responsible for the page (p. 152) of the “Blossom 
Zoology” listing, as a synonym of Cardia borealis Conrad, 
“Arcturus rudis. Rude Northern Cockle. Humphrey MS.” 
This listing in synonymy does not make the name available 
(ICZN Article 11d; Mayr, 1969: 347 - 348), even taking 
into account Datx’s (1903a) usage of it. Therefore, the 
name must be credited to Dall himself. Beyond question, 
it is a synonym of the earlier Astarte crassidens. Since 
Dall cited and labeled material in the USNM but did 
not specifically cite SowERBy’s (1839) figure, it would 
seem best to choose as lectotype of this taxon a USNM 
specimen. Indeed, Dall isolated and labeled a type speci- 
men himself, probably later recognizing his error in re- 
surrecting Sowerby’s synonym. 

Petrov (1966) separated Venericardia crassidens from 
V, paucicostata on the ground that its height is equal to 
or greater than its length; in the latter species the shell 
was said to be longer than it is high. However, on the 
basis of material I have examined, this is an inadequate 
criterion for separation, the proportions being quite vari- 
able. 

MacNen. (1957) concluded that Cardita (Cyclocardia) 
subcrassidens MacNeil, in MacNetL, MertiE, & Prssry, 
1943 (pp. 90-91, 92; plt. 15, figs. 1, 3), from the Plio- 
cene of Nome, Alaska, is a synonym of this species. Other 
species that may be closely related or perhaps conspecific 
are Cardita kavranensis and C. etalonnensis Slodkewitsch, 
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1938, both from the upper horizons of the Kavran series 
(Pliocene?) on the west coast of Kamchatka. 

Material I have examined of this distinctive, few-rib- 
bed (12 to 16) species suggests a modern distribution 
from Cape Simpson (CAS 35058) on the Arctic coast of 
Alaska, throughout the Bering Sea and the Aleutian Is- 
lands, south at least to the Queen Charlotte Is- 
lands (CAS 210426) and possibly to “Chinahat,” British 
Columbia (CAS 34347). The last locality is on the main- 
land coast opposite the southern tip of Queen Charlotte 
Island, but the origin of this lot is to be questioned. In the 
western Pacific I have seen specimens from as far south as 
the Sea of Japan (CAS 56024). Depth records are from 
1 to 155m on a variety of bottom types. 

The shells of this species have a thick, horny, brown 
periostracum with only a few hairs visible in rows on 
some juvenile specimens, as in the type of Cardita borealis 
“var.” paucicostata. The periostracum and shell are often 
eroded around the beaks. The hinge is much broader than 
that of Cyclocardia crebricostata, and the beaks more 
prominent. 


Cyclocardia crebricostata (Krause, 1885) 
(Figures 6 - 7) 


Cardita borealis “var.” crebricostata Krause, 1885 
Krause, 1885: 30; plt. 3, fig. 4 
MacNet, in MacNer, Mertm « Pmssry, 1943: 90, 
88 (pit. expl.); plt. 14, figs. 16, 17 [Cardita (Cyclo- 
cardia)| 
MacGinrrtz, 1959: 169 
Cardita borealis Conrad, auctt., non Conrad, 1832 
Mippenporrr, 1849: 545 [reprint: 29; Mmpenporrr, 
1851: 247 - 248, 319, 323 
Stearns, 1890: 115-116, 225 (plt. expl.); pit. 16, fig 
8 [Venericardia] 
[not Conran, 1832: 39; plt. 8, fig. 1] 
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Venericardia (Cyclocardia) alaskana Dall, 1903 
Dat, 1903a: 710-711, 715; Darr, 1903c: 951 (plt. 
expl.) ; plt. 63, fig. 7 


Type Material and Localities: 

C. borealis crebricostata — Institut fiir Spezielle Zoolo- 
gie und Zoologisches Museum der Humboldt-Uni- 
versitat, Berlin, Mollusca 37934, lectotype (herein), 
left valve, figured by Krause (1885); length, 23.8 
mm; height, 22mm (Figure 6). USNM 61299, par- 
alectotype. Saint Paul Island, Bering Sea, Alaska; 
collected by A. Krause and his brother; 44m (as 24 
Faden). 

V, alaskana - USNM 109271, lectotype (herein), pair, 
figured by Dati (1903c); length, 36mm; height, 
32.8mm; thickness (2 valves), 16.9mm (Figure 7). 
USNM 756648, paralectotypes. Nunivak Island, 
Bering Sea, Alaska. 


Discussion : 

The substantial range of variability of this taxon leads 
one to suspect that it may represent a complex of more 
than one species. Members of this species occur from 
Dease Inlet (USNM 163169) and Point Barrow (as US 
NM 606245), on the Arctic coast of Alaska, throughout 
the Bering Sea and Aleutian Islands, and east to Port 
Etches, Hinchinbrook Island, Prince William Sound (US 
NM 169732). In Asia it occurs at least as far south as 
the southern end of Sakhalin Island (USNM 405259). 
Depth records are from 14 to 200m on various bottom 
types, chiefly sand and mud. 

The taxonomic situation is further complicated by a 
number of other taxa that must be taken into account. A 
similar Eastern Pacific fossil form is Cardita (Cyclocardia) 
crebricostata nomensis MacNeil, in MacNeil, Mertie, & 
Pilsbry, 1943, from the Pliocene of Nome, Alaska. Other 
species whose relationships should be studied are: Cardita 


Explanation of Figures 6 to 9 


Figure 6: Cyclocardia crebricostata (Krause). Lectotype (herein) 
of Cardita borealis “var.” crebricostata Krause; Zool. Mus., Hum- 
boldt-Univ. 37934; Saint Paul Island, Alaska; length, 23.8mm. 
External and internal views of valve 

Figure 7: Cyclocardia crebricostata (Krause). Lectotype (herein) 
of Venericardia (Cyclocardia) alaskana Dall; USNM 109271; Nuni- 
vak Island, Alaska; length, 36mm. External and internal views of 
valves 


Figure 8: Cyclocardia gouldi (Dall). Holotype of Venericardia 


(Cyclocardia) gouldii Dall; USNM 109270; San Diego, California; 


length, 16.4mm. External and internal views of valves 

Figure 9: Cyclocardia incisa (Dall). Lectotype (herein) of Veneri- 
cardia (Cyclocardia) incisa Dall; USNM 109267; Unalaska Island, 
Aleutian Islands, Alaska; length, 9.3mm. External and internal 
views of valves 
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beringiana Slodkewitsch, 1936; C. kamchatica Slodke- 
witsch, 1938; and C. majanatschensis Ilyna, 1963, all 
from the Pliocene of Kamchatka; Venericardia (Cyclo- 
cardia) erimoensis Tiba, 1972, from 250m off Hokkaido, 
Japan; and V. (C.) morsei Dall, 1918, from Kii, Japan. 
A separable Recent Japanese species is V. (C.) isaotakii 
Tiba, 1972; however, its status must also be examined in 
comparison with the several earlier-proposed Pliocene 
fossil forms. 

This variable species may be recognized by its jarge 
number of ribs (22 to 25) and its heavy periostracum 
with radially arranged hairs. Its hinge is long and narrow, 
and the shells are ovate and rather compressed. DALL 
(1903a: 711) showed that the species broods its young. 


Cyclocardia gouldi (Dall, 1903) 
(Figure 8) 


Venericardia(Cyclocardia) (ventricosa var.?) gouldii Dall, 1903 
Daz, 1903a: 709, 714; Darr, 1903c: 951 (pit. expl.); 
pit. 63, fig. 3 


Type Material and Locality: 

USNM 109270, holotype, pair; length, 16.4mm; height, 
14mm; thickness (2 valves), 8.8mm (Figure 8). 
USFC 2923, off San Diego, California (32°40’30” 
N; 117°31’30” W); 1503m (as 822 fms.); green 
mud; 3.9°C (as 39°F). 


Discussion : 

The type specimen has remained unique for more than 
a half-century, and no additional material has yet come 
to light from southern California. The type specimen has 
23 rounded ribs with fine, radially arranged hairs. The 
interspaces are relatively wide, and there is a small lunule. 
Unlike Cyclocardia ventricosa redondoensis from the 
same vicinity, the valves are more compressed, not nodose, 
and there are many fewer hairs on the periostracum. 

Material recently obtained by Robert R. Talmadge 
from off Eureka, California, might represent the same 
species (CAS 58165). In that area, specimens unlike typi- 
cal Cyclocardia ventricosa ventricosa have been found on 
a hard mud substrate between 366 and 732m, deeper 
than C. v. ventricosa. They are flatter and have fewer 
hairs on their periostracum, and they attain a larger size 
(to 24mm). 


Cyclocardia incisa (Dall, 1903) 
(Figure 9) 


Venericardia (Cyclocardia) incisa Dall, 1903 
Datt, 1903a: 710, 714; Dax, 1903c: 951 (plt. expl.); 
pit. 63, fig. 4 
Scartato, 1955: 192; plt. 51, fig. 7 [translation: p. 262] 
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Type Material and Locality: 

USNM 109267, lectotype (herein), pair, figured by 
Dati (1903c); length, 9.3mm; height, 8.5mm; 
thickness (2 valves), 5.4mm (Figure 9). USNM 
756647, paralectotypes. Unalaska Island, Aleutian 
Islands, Alaska, “station 1204, west of Pinnacle A”; 
29m (as 16 fms.) ; rocky bottom. 


Discussion : 

This small, distinctive species has an Alaskan distribu- 
tion from Nazan Bay, Atka Island, Aleutian Islands (US 
NM 169714), to Woody Island, Kodiak Island area (CAS 
24052), Alaska. Scartato (1955) records it from the 
Sea of Japan, the southern portion of the Sea of Okhotsk, 
and the South Kuril shallows. Depth records are from 1 
to 135m, on sand, pebble, and rocky bottoms. A large 
specimen may attain 12mm in length (USNM 169685). 

The valves of this species have a shiny yellowish-olive 
periostracum. There are 18 to 20 flat radial ribs with 
narrow grooves between them which are crossed by con- 
centric sulci, giving a lattice-like appearance. 


Cyclocardia sp., perhaps C. rjabininae Scarlato, 1955 
(Figure 10) 


Venericardia granulata rjabininae Scarlato, 1955 
ScariaTo, 1955: 192; plt. 51, fig. 6 [translation: p. 261] 
Tipa, 1972: 136; plt. 16, figs. 8, 8a, 9, 9a [Venericardia 

(Cyclocardia); on p. 136 as “rijabininae”’] 

Cardita novangliae (Morse), aucitt., non (Morse, 1869) 
Lecue, 1883: 443, 453 (plt. expl.); plt. 32, figs. 13-15 
Krause, 1885: 29 - 30 
[not Actinobolus (Cyclocardia) novangliae Morse, 1869: 

76-77; 1 text fig.] 


Type Material and Locality: 
V, g. rjabininae — unknown. 


Discussion : 

This is a species that has been placed in the USNM 
collection under the name Cyclocardia crebricostata 
(Krause, 1885). I suspect that the specific name C. 
rjabininae may prove applicable to it, but there remains 
uncertainty about this. It was evidently first reported and 
illustrated by Lecue (1883), as “Cardita novangliae 
(Morse, 1869),” from the Arctic and Bering Sea coasts 
of the Chukotsk Peninsula. Two years later, Krause 
(1885) reported, but did not illustrate, similar material 
from two stations on the Bering Sea coast of the Chuk- 
otsk Peninsula. Two of his specimens in the Smithsonian 
Institution (USNM 61297) confirm the affinity to what 
Leche illustrated. This species is not related to the New 
England Cyclocardia novangliae (Morse, 1869), which 
has been regarded by some authors as a variety of C. 
borealis (Conrad, 1832) (Dati, 1903a; Lamy, 1922), 
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nor is it related to C. granulata (Say, 1824) [Veneri- 
cardia], a Miocene species from the east coast of the 
United States (Dati, 1903d: 1431). 

The specific name I tentatively advance for this species 
first appeared in a figure caption and was thereby vali- 
dated (Scartato, 1955). It appeared without detailed 
description, comparisons, or citation of type material or 
locality. My inquiries to its author have gone unanswered. 
The first illustrations under the name Venericardia granu- 
lata rjabininae convincingly resembling West American 
material are those of Tra (1972) of specimens from the 
western Bering Sea. 

Material I refer to this taxon has been taken from the 
Bering Sea near the Pribilof Islands ( as USNM 223876), 
and eastward from Amchitka Island in the Aleutian Is- 
lands (USNM 161006) to Kodiak Island (USNM 151 
630). A representative specimen is illustrated here (Fig- 
ure 10). Depth records are from 18 to 572m on a variety 
of bottom types, mainly sand and mud. 

Similar Asian material has been studied from the 
Bering Sea coast of the Chukotsk Peninsula south through 
the Okhotsk Sea to Sakhalin Island (USNM 204303; 
CAS 56009). This species may be what is illustrated by 
MERKLIN, Petrov, « Amitrov (1962: 36; plt. 5, fig. 7) 
and by Petrov (1966: 215 - 216, 256; pit. 16, fig. 3) as 
“Venericardia crebricostata” from the Pleistocene of the 
Chukotsk Peninsula. 

Material assigned to this nominal taxon has fewer (15 
to 17), higher ribs than Cyclocardia crebricostata, and 
is broader and more inflated. Its beaks are frequently cor- 
roded, while its periostracum is velvety, not unlike that 
of C. crebricostata. A large West American specimen may 
reach 26.5mm in length (USNM 224515). 
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Cyclocardia umnaka (Willett, 1932) 
(Figure 11) 


Cardita umnaka Willett, 1932 
Wutetrt, 1932: 87 - 88, 90 (plt. expl-) ; plt. 5, figs. 1, 2 


Type Material and Locality: 

LACM 1034, right valve, lectotype (herein) ; length, 
10.3mm; height, 10.8mm; thickness, 3.3mm (Fig- 
ure 11). LACM 1722, paralectotype, left valve; 
length, 9.7mm; height, 9.9mm; thickness, 3.1mm. 
Wittetr (1932) designated a “type pair” consisting 
of opposite valves of different specimens. Umnak 
Island, Aleutian Islands, Alaska; on beach on south 
shore; G. Willett. 


Discussion : 

This small species is rare and is known only from the 
type material from Umnak Island and one additional, 
beach-collected lot from Unalaska Island (U.S. Geo- 
logical Survey, Menlo Park D-53). It is characterized by 
having many (40) narrow, raised, cord-like radial ribs 
crossed by strong growth lines and a dark brown peri- 
ostracum. 


Cyclocardia ventricosa (Gould, 1850) 


I. Cyclocardia ventricosa ventricosa (Gould, 1850) 
(Figures 12, 13) 
Cardita ventricosa Gould, 1850 


Goutp, 1850: 276; Goutp, 1852: 417-418; Gouxp, 
1860: 14; plt. 36, figs. 532, 532a 


Explanation of Figures 10 to 15 


Figure 10: Cyclocardia cf. C. rjabininae (Scarlato); USNM 224 
515; USFC 2428, S.E. of the Alaska Peninsula, Alaska; 201m; 
length, 25.4mm. External views of valves 

Figure 11: Cyclocardia umnaka (Willett). Lectotype (herein) of 
Cardita umnaka Willett; LACM 1034; Umnak Island, Alaska; 
length, 10.3mm. External and internal views of valve 

Figure 12: Cyclocardia ventricosa ventricosa (Gould). Goutn’s 
(1860) figure of Cardita ventricosa; Puget Sound, Washington; 
length, 19mm. External view of valve 

Figure 13: Cyclocardia ventricosa ventricosa (Gould). Holotype 
of Venericardia (Cyclocardia) stearnsii Dall; USNM 33732; Puget 


Sound, Washington; length, 13.9mm. External and internal views 
of valves 

Figure 14: Cyclocardia ventricosa montereyensis (Smith « Gor- 
don). Holotype of Cardita (Cyclocardia) ventricosa montereyensis 
Smith « Gordon; CAS 8518; Monterey Bay, California; length, 25.8 
mm. External and internal views of valves 

Figure 15: Cyclocardia ventricosa redondoensis (T. Burch, in J. Q. 
Burch). Holotype of Cardita ventricosa redondoensis T. Burch in 
J. Q. Burch; USNM 434053; Redondo Beach, California; length, 
12.9mm. External and internal views of valves 


[Coan] Figures 10 to 15 
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Cuessin, 1887: 13, 57 (plt. expl.); plt. 1, figs. 6, 7 

Stearns, 1890: 216-217, 225 (plt. expl.); plt. 16, figs. 
5, 6 [Venericardia] 

Dati, 1903a: 709 [Venericardia (Cyclocardia)]; Datt, 
1903c: 951 (plt. expl.) ; plt. 63, fig. 10 

Oxproyp, 1924: 36, 208 (plt. expl.) ; plt- 3, fig. 8 

Grant « Gare, 1931: 272-273 (in part), 906 (plt. 
expl.) ; plt- 13, figs. 9a, 9b [Cardita] 

SmrrH « Gorpon, 1948: 213 - 216; text fig. 4 

Yonce, 1969: 494 - 504, 514; text figs. 1-9, 19 

Venericardia (Cyclocardia) stearnsii Dall, 1903 
[Srearns, 1890: 225 (plt. expl.) ; plt. 16, figs. 5,6] 
Dat, 1903a: 709, 714 


Type Material and Locality: 

C. ventricosa — None of the 6 specimens in the lot in the 
USNM (USNM 3373), which was cited by DALL 
(1903a: 709) and by JouHNson (1964: 165) as 
being the type material, matches GouLp’s (1860) 
figure, nor does a specimen at Harvard University 
(MCZ 216813) derived from the USNM lot. The 
largest specimen in the USNM measures 15.0mm in 
length, and that at Harvard, 15.4mm, while Gould’s 
specimen was stated to measure 19m (as # poll.). 
The USNM lot is the result of a combining of mate- 
rial from a variety of sources from approximately the 
same geographic area. In this case, as in other such 
cases, the combining process included the culling of 
many specimens; the story can be partially traced 
backwards by means of numbers listed on the back 
of the final label and by the USNM catalogues. This 
lot is an example of the pitfalls that may be en- 
countered in working with such early USNM mate- 
rial. Although the label indicates that the lot is from 
Puget Sound and was collected by the U.S. Explor- 
ing Expedition, the catalogue indicates that USNM 
3373 is from “Puget Sound, Cruise of the Cutler, 
1859, Dr. Geo. Gibbs 5 spec.” On the back of the 
label are listed other lot numbers which prove to be 
Puget Sound material from Kennerly (3 lots, with a 
total of 8 specimens), Wilkes (1 specimen, presumably 
what was the holotype), and one lot from “Pafofsien 
Sd. JWN.” One can only guess which material the 
5 pairs and 1 valve now in lot 3373 represent. 

Gould’s original illustration (here Figure 12) is 
adequate to represent the species. The measurements 
he gave are 19mm in length, 16mm in height, and 
13mm in thickness (as 3, $, and $ poll., respectively). 
The type locality is Puget Sound; U.S. Exploring 
Expedition. 


V. (C.) stearnsti — USNM 3373a, a derivative of the . 


above-discussed lot, pair, holotype; length, 13.9mm; 
height, 14.8mm; thickness (2 valves), 11.5mm (Fig- 
ure 13). Although Dati (1903a) believed this spe- 
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cimen to also represent U.S. Exploring Expedition 
material from Puget Sound, the discussion above ap- 
plies; it could just as well be from any other of the 
now combined lots from various sources. 


II. Cyclocardia ventricosa montereyensis 
(Smith & Gordon, 1948) 


(Figure 1/4) 


Cardita (Cyclocardia) ventricosa montereyensis Smith & Gor- 
don, 1948) 
Smrru & Gorpon, 1948: 172, 212 - 216; text figs. 2, 3 


Type Material and Locality: 

CAS 8518, pair, holotype; length, 25.8mm; height, 23.0 
mm, thickness (2 valves), 16.0mm (Figure /4). 
Monterey Bay, California, 7.36km (as 4.6 miles) 
NW of Point Pinos; 115m (as 63 fms.) ; fine sand, 
sand pellets and pebbles, 22 August 1932, Mackenzie 
Gordon, Jr. 


INL, Cyclocardia ventricosa redondoensis 
(T. Burch, in J. QO. Burcu, 1944, ex J. Q. Burch MS) 


(Figure /5) 


Cardita ventricosa redondoensis T. Burch in J. Q. Burch, 1944, 

ex J. Q. Burch, MS 

T. Burcu, in J. Q. Burcu, 1944: 14-15; 2 text figs. 

J. Q. Burcu, 1945a: 11 [as a full species] 

J. Q. Burcu, 1945b: 30-33; plt. 2, figs. 40, 41; J. Q. 
Burcu, 1945c: 30; J. Q. Burcu, 1945d: “back page” 

SmitH &« Gorpon, 1948: 214 - 216 

Jones, 1963: 141 - 146; text figs. la, 1b 


Type Material and Locality: 

USNM 434053, pair, holotype; length, 12.9mm; height, 
13.7mm; thickness (2 valves), 10mm (Figure 15). 
Redondo Beach, California; 183m (as 100 fms.), 
mud, T. & J. Q. Burch. 


Discussion: 

Cyclocardia ventricosa is another problem awaiting 
more detailed study. In the first place, the species shows 
considerable variability within populations. Dall’s Veneri- 
cardia (Cyclocardia) stearnsii, from the same general 
area — if not the-same station — as the typical form, is 
certainly within this range (GRANT & Gate, 1931: 273). 
In general, specimens of this species are rounded and 
have 18 to 21 low, broad radial ribs and a thick, velvety 
periostracum with radially arranged hairs. The lunule is 
small and conspicuous, unlike that of Cyclocardia crebri- 
costata which is long and narrow. 

The species shows clinal change from its northwestern- 
most occurrence at Kasitsna Bay, Cook Inlet, Alaska (CA 
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S 57376), southward. In the north, specimens are very 
nodose, while material from Puget Sound is larger and 
smoother. To the south, along the outer coast of Washing- 
ton and the coasts of Oregon and northern California, 
specimens seem still smoother and thinner. C'yclocardia 
ventricosa montereyensis (Smith « Gordon, 1948) is a 
form apparently restricted to the central Californian 
coast, especially Monterey Bay, in which the beaks are 
placed well toward the anterior end. Precisely where to 
draw the line between this last subspecies and C. ventri- 
cosa redondoensis (T. Burch in J. Q. Burch, 1944) remains 
unsettled. The latter is common offshore in southern Cali- 
fornia south of Point Conception and is characterized by 
its prominent beaks, nodose sculpture, and more ventri- 
cose shape. 

Specimens of the complex have been taken as far 
south as Punta Rompiente, Baja California Sur (LACM 
71-168). Depth records are from 22 to 620m, but most 
material is from less than 360m. Almost all material is 
reported from sand or mud bottoms. Jones (1963) de- 
monstrated that the southern Californian form broods 
its young (his figs. la, 1b), and YonceE (1969) showed the 
same for the form in Puget Sound (his fig. 3). 

A comparable Japanese species is the Recent Cyclo- 
cardia ferruginea (Clessin, 1888, ex A. Adams MS). 


OTHER SPECIES or Cyclocardia 


I have segregated in the USNM collection a number of 
lots (USNM 207312, 209757, 363168, 363170, & 34014) 
from the Arctic coast of Alaska that cannot easily be re- 
ferred either to Cyclocardia crebricostata or to C. rjabin- 
inae. They await further study. 

There is a unique, flattened specimen in the California 
Academy of Sciences (CAS 46525) from off Point Sober- 
anes, just south of Monterey Bay, California, which I 
cannot easily associate with Cyclocardia ventricosa monte- 
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reyensis. It may be an aberrant specimen of the latter, 
or perhaps something entirely new. 

There are evidently two distinct Pleistocene species of 
Cyclocardia in California. The first is C. occidentalis 
(Conrad, 1855) [Cardita]. While the type material, which 
came from Santa Barbara, California, is missing, the spe- 
cies has been recognized and illustrated by Wooprine, 
BRAMLETTE, & Kew (1946: 82 - 83, 131, 133; plt. 31, figs. 
9, 10; plt. 33, fig. 4). A synonym is Cardita monilicosta 
Gabb, 1861, with the same type locality. This species is 
characterized by a deeply sunken lunule and nodose sculp- 
ture. ARNotD (1907b: plt. 14, fig. 2) illustrated a speci- 
men from the presumed type locality of both synonyms 
under the name Venericardia monilicosta (USNM 165 
249). QuayLe (1933, 1934) confirmed its distinctness 
from other species under that name as well, but later, in 
an unpublished manuscript cited by HERTLEIN & GRANT 
(1972: 231), he evidently concluded that C. occidentalis 
and C. monilicosta were separable. 

A second Pleistocene species is Cyclocardia hilli (Wil- 
lett, 1944) [Cardita], from the Upper Pleistocene of New- 
port Bay Mesa, California. It has numerous (25 - 27), 
low ribs (WiLetT, 1944: 19-20; plt. 7). Willett com- 
pared his new species to C. crebricostata because of the 
rib count, but, because of its rotund shape and heavy 
hinge, comparison to members of the C. ventricosa com- 
plex is more appropriate. His species is based on a “type 
pair” consisting of valves of 2 different specimens (LACM 
1067), so a lectotype designation will be needed. 


Glans Megerle von Miuhlfeld, 1811 


Glans subquadrata (Carpenter, 1864) 
(Figure 16) 


Lazaria subquadrata Carpenter, 1864 
CarpPENnTER, 1864a: 536, 627, 642 [1872: 22, 113, 128] 
CarPENTER, 1865: 178 [1872: 280] 
Datt, 1903a: 707 [Cardita (Carditamera)] 


Explanation of Figures 16 to 19 


Figure 16: Glans subquadrata (Carpenter). Lectotype (herein) of 
Lazaria subquadrata Carpenter; USNM 15681; Monterey, Cali- 
fornia; length, 9.6mm. External and internal views of valve 

Figure 17: Miodontiscus prolongatus (Carpenter). Lectotype (here- 
in) of Miodon prolongatus Carpenter; USNM 15472; Neah Bay, 
Washington; length, 6.1mm. External and internal views of valves 


Figure 18: Miodontiscus prolongatus (Carpenter). Holotype of 
Venericardia yatesi Arnold; USNM 165248; Bathhouse Beach, 
Santa Barbara, California; length, 4mm. External view of valve 
Figure 19: Miodontiscus prolongatus (Carpenter). Lectotype 
(herein) of Miodontiscus meridionalis Dall; USNM 208948; off 
Point Loma, California; length, 3.9mm. External and internal 
views of valve 
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Paumer, 1958: 21, 26, 37, 48, 82. 332 (plt. expl.) ; plt. 7, 
figs. 1 - 4 [Glans] 

McLean, 1969: 73 - 74; fig. 40.4 

[not Cardita subquadrata Conrad, 1848: 298] 

[not Cardia subquadrata Gabb, 1860: 303; plt. 48, figs. 
22a, 22b] 

[not Cardita subquadrata Clessin, 1888: 53, 58 (plt. 
expl.) ; plt. 11, figs. 3, 4] 

Cardita (Carditamera) carpenteri Lamy, 1922 [replacement 
name for Cardita subquadrata (Carpenter), non Con- 
rad] 

Lamy, 1922: 264 - 265 

SmirH « Gorpon, 1948: 172 [Glans] 

Yonce, 1969: 505-509, 515-517; text figs. 10-12, 
20 - 22 [Cardita] 

Glans minuscula Grant « Gale, 1931 [unnecessary replacement 
name] 

GranT &« Gace, 1931: 276 - 278, 906 (plt. expl.) ; plt. 13, 
figs. 10a, 10b 


Type Material and Locality: 

L. subquadrata — USNM 15681, lectotype (herein), 
a characteristic left valve (PALMER, 1958: plt. 7, 
fig. 3) ; length, 9.6mm; height, 6mm; thickness, 2.6 
mm (Figure 16). USNM 756646, paralectotypes, 
an unusually thickened right valve and a small pair. 
CarPENTER (1864a) listed material from several 
sources — Santa Barbara (Jewett) ; Baja California 
(USNM) ; Vancouver Island (Swan); and Monterey, 
the Channel Islands, and the southern Californian 
coast (Cooper). His more complete description a 
year later (CARPENTER, 1865) narrowed this to men- 
tion of just the Jewett and Cooper material. The 
type lot, USNM 15681, was labeled “Monterey,” 
but additional lot numbers on the back of the label 
suggest that it was the selected result of the combina- 
tion of several lots from various stations. In fact, the 
ultimate lot number, 15681, is listed in the catalogue 
as referring to material from the “Santa Barbara 
Islands,” not Monterey. Since all of the material 
combined into the lot represented stations listed by 
CarPENTER (1864a), we can assume that he used 
all of it in preparing his description. It would also 
seem reasonable to here designate the type locality as 
Monterey, California, where similar material is not 
uncommon. 


Discussion : 

Carpenter’s Lazaria subquadrata was renamed as a 
secondary homonym by Lamy (1922) — as Cardita car- 
pentert — when he placed most of the Carditidae in the 
genus Cardita. However, usage would favor retention 
of Glans subquadrata, following the 1972 redraft of IC 
ZN Article 59b(i), because most recent authors, includ- 


ing McLean (1969), KEEN & Coan (1974), AssotT 
(1974), and Coan «& Cariton, in SMITH & CARLTON 
(1975), have used Carpenter’s name. A petition to the 
International Commission on Zoological Nomenclature 
has been submitted to legalize this action. Neither the 
Cardita subquadrata of Conrap (1848), nor that of GaBB 
(1860) is a Glans, and the former is a nomen dubium. 

Grant & Gate (1931), unaware of Lamy’s renaming 
of Carpenter’s species, also renamed it. Although their 
account was in the form of a description of a new species, 
with the designation of a “type specimen” (San Diego 
Natural History Museum 126), they expressly published 
it because of the secondary homonymy of Carpenter’s 
taxon, saying (p. 278), “Carpenter’s specific name being 
preoccupied, we have proposed a new one.” Thus, ICZN 
Article 72d applies, restricting the type specimen to that 
of the renamed homonym. Their “description” is to be 
taken as the renaming of a homonym and not the proposal 
of a new taxon, and their “type” has no standing. 

The species occurs from Frederick Island, off the west 
coast of Graham Island, Queen Charlotte Islands, British 
Columbia (LACM 69-52), to Punta Rompiente, Baja 
California Sur (LACM 71-167). Depth records are from 
the intertidal zone to 100m, with most stations in less than 
30m. Almost all records are from rocky areas, where the 
animal attaches itself to rocks with a byssus. A very large 
specimen may attain 13.9mm (USNM 73615). YoncE 
(1969) discussed its functional anatomy and showed that 
it broods its young (his figs. 20 - 22). 


Miodontiscus Dall, 1903b 
[== Miodon Carpenter, 1864a, non Duméril, 1859] 


Miodontiscus prolongatus (Carpenter, 1864) 
(Figures 17 - 19) 


Miodon prolongatus Carpenter, 1864 
CarPEenTER, 1864a: 611, 627, 642, 682 [1872: 97, 113, 
128, 168]; Carpenter, 1864b: 424 [1872: 236] 
Stearns, 1890: 217 - 218, 225 (plt. expl.) ; plt. 16, figs. 
Us) 
Dati, 1903a: 711 [Venericardia (Miodon)] 
ParmeEr, 1958: 15, 20, 21, 26, 37, 83 - 84, 333 (plt. expl.) ; 
pit. 8, figs. 1- 7 [Miodontiscus] 
Venericardia yatesi Arnold, 1907 
ArNoLp, 1907a: 439 - 440, 447 (plt. expl.) ; plt. 58, figs. 
2a, 2b [reprint: 21-22, 29]; ArNoxp, 1907b: 32, 76 
(plt. expl.) ; plt. 12, figs. 2a, 2b 
Miodontiscus meridionalis Dall, 1916 
Dati, 1916a: 25 [nomen nudum]; Daur, 1916b: 408 
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Type Material and Localities: 

M. prolongatus — USNM 15472, lectotype (herein), 
the largest pair (Patmer, 1958: plt. 8, figs. 1, 4, 5) ; 
length, 6.1mm; height, 6.4mm; thickness (2 valves), 
2.9mm (Figure 17). USNM 756645, paralectotypes. 
Neah Bay, Washington; J. G. Swan. 

V. yatesi — USNM 165248, holotype, right valve; 
length, 4mm; height, 4.1mm; thickness, 1.1mm 
(Figure 78). Bathhouse Beach, Santa Barbara, Cali- 
fornia; Fernando Formation; Lower Pleistocene; D. 
& R. Arnold. 

M. meridionalis — USNM 208948, lectotype (herein), 
right valve; length, 3.9mm; height, 4mm; thickness, 
1.25mm (Figure 19). USNM 755139, paralecto- 
types. USFC 4309, off Point Loma, California; 123 
to 143m (as 67 to 78 fms.) ; sand, shell, and rock 
bottom. 


Discussion : 

Among the major collections reviewed, there is a conti- 
nuous series of samples of this species from the West 
American coast. Although southern specimens are smaller, 
with fewer radial ribs, the differences appear to be clinal, 
and a conservative course is recommended here until more 
detailed studies can be undertaken. 

Material in collections suggests a distribution from 
Shuyak Strait, Afognak Island (USNM 362197, but 
with a “?” on the label) and Middleton Island (USNM 
170170), Alaska, to off Point Loma, southern California 
(USNM 209565). Depth records are from 5 to 210m, 
with some suggestion of deeper occurrence to the south. 
Both sand and rocky bottoms are reported. It broods its 
young (Datt, 1903a). 

A similar species is Miodontiscus nakamurai (Yoko- 
yama, 1926) from the Pliocene of Japan. 


Thecaliinae 


Milneria Dall, 1881 
[= Ceropsis Dall, 1871, non Gay « Solier, 1839] 


Milneria minima (Dall, 1871) 


Ceropsis minima Dall, 1871 
Daz, 1871: 152; plt. 16, figs. 5, 6; Daz, 1903a: 712 
[Milneria] 
Lamy, 1922: 352 - 354; 1 text fig. 
Coan, 1974: 183 - 184; figs. 1, 3 
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‘Type Material and Locality: 
USNM 63349, lectotype (by Coan, 1974: fig. 1), pair; 
length, 3.1mm. USNM 744340, paralectotype. Mon- 
terey, California ; nestling on Haliotis rufescens. 


Discussion : 

This species, which broods its young, occurs from Mon- 
terey Bay (as CAS 26791), to Isla de Natividad, Baja 
California Sur (LACM 71-165). Depth records are from 
the intertidal area to 83m. It attaches to hard substrates 
by a byssus. A large specimen may reach 5mm (CAS 
98923). 


Milneria kelseyi Dall, 1916 


Milneria kelseyi Dall, 1916 
Dati, 1916a: 26 [nomen nudum]; Dati, 1916b: 408 
Coan, 1974: 183 - 184; figs. 2, 4 
Milneria minima (Dall), auctt., non Dall, 1871 
Orcutt; and Dat, in Orcutt, 1885: 549 - 550; pit. 24, 
figs. 4-7 


Type Material and Locality: 

USNM 253037, lectotype (by Coan, 1974: fig 2), 
pair; length, 5.8mm. USNM 744341, paralecto- 
types. Central California; on Haliotis shells; White 
collection. 


Discussion : 

Material in major collections demonstrates a distribu- 
tion from Monterey Bay (as USNM 120698), to Isla 
Asuncion, Baja California Sur (LACM 67-66), and a 
depth range from the intertidal zone to 37m. Like the 
previous species, Milneria kelseyi lives attached to hard 
substrates by a byssus and broods its young. A large speci- 
men may reach 17.8mm (CAS 36788). 
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INTRODUCTION 


SERIOUS TAXONOMIC DIFFICULTIES have long confused our 
understanding of the genus Triopha Bergh, 1880. Al- 
though 8 species of Triopha have been described from the 
Californian Pacific coast, only 3 — T. carpenteri (Stearns, 
1873), T: maculata MacFarland, 1905, and T: grandis 
MacFarland, 1905 — appear with any degree of consist- 
ency in the literature and in extant collections. The 
remaining 5 nominal species have remained either un- 
collected, unrecognized, or ignored. This study seeks to 
clarify the specific taxonomic problems among the known 
species of Triopha. 

The material available in the following museums was 
examined: California Academy of Sciences, Department 
of Invertebrate Zoology, San Francisco (CASIZ); Los 
Angeles County Museum of Natural History (LACM) ; 
San Diego Natural History Museum (SDNHM) ; Santa 
Barbara Museum of Natural History (SBMNH) ; United 
States National Museum, Washington, D.C. (USNM). 
Material from several smaller collections was also exam- 
ined, in addition to many live specimens in their original 
habitat, or in laboratory aquaria, or both. 

A total of 439 specimens of Triopha was studied. These 
specimens had been identified as follows: 205 specimens 
of T. carpenteri; 126 T: maculata; 43 T. grandis; 5 T. 
aurantiaca; and 58 simply Triopha sp. In the course of 
this study many specimens were totally or partly dissected; 
in a selected few cases histological studies were carried 
out. A total of 173 radulae was extracted and examined. 
Notes, working papers, sketches, drawings, photographs, 
mounted slides, and other materials pertaining to this 
work have been deposited for future reference with CAS- 
IZ. A few mounted radulae have been deposited at LA- 
CM, SBMNH, and SDNHM. 


* Research Associate, Department of Invertebrate Zoology, Cali- 
fornia Academy of Sciences, San Francisco, CA 94118 


Analysis of the data from these specimens resulted in 
the recognition of only 2 species of Triopha in the North 
Pacific: T: catalinae (Cooper, 1863), and T: maculata 
MacFarland, 1905. 


SYSTEMATIC ACCOUNT 


NUDIBRANCHIA 


Doridoidea 


Phanerobranchia 


POLYCERATACEA 


POLYCERATIDAE 
Triophinae 
Triopha Bergh, 1880 


History and Description: BrercH (1880) defined the 
genus Triopha (which he placed within the family Poly- 
ceratidae) as: “Body shaped like in Triopa [Johnston, 
1838] with a similar frontal veil; the appendages along 
the dorsal ridge are mostly nodose, although sometimes 
slightly ramose. Tentacles are compressed and cup-shaped 
(auriform) ; rhinophores retractile and perfoliated. Gills 
five-leaved, tri-pinnate. Jaws made of minute rods. Radu- 
la with 4 spurious rachidian teeth, 3-4 pleural teeth 
(with winged body and flattened hook), 10- 11 external 
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teeth. Prostate?” The description of the type species (7: 
modesta) was based on a single specimen collected by 
Dall at Yukon Harbor (Shumagin), Alaska, August, 
1874. Bergh described Triopha modesta, although admit- 
ting that “this species may perhaps be the Triopa carpen- 
teri of Stearns.” 

Bercu (1894) redescribed the genus Triopha, adding 
only: “Prostate is large. Penis is armed.” He also rede- 
scribed T. modesta (this time from a preserved 5 cm long 
specimen collected near Unimak Island, Alaska, June, 
1890, at 77m) and relegated the senior T. carpenter 
(Stearns, 1873) to synonymy. 

MacFartanp (1905) introduced 2 new species of Tri- 
opha from Monterey Bay, California: T. maculata and 
T. grandis. He added to the description of T. carpenteri 
and, on the basis of the structure of the radula, arrived at 
the conclusion that it was a species “distinct from T. 
modesta Bergh.” 

CockERELL & Extor (1905) described a single speci- 
men of an orange-colored Triopha species from San Ped- 
ro, California, which CockEreLL (1908) later named 
Triopha aurantiaca. 

CockereLi (1915) brought Triopa catalinae Cooper, 
1863, into the genus Triopha. He described Triopha 
scrippsiana from La Jolla, California, acknowledging it 
to be similar to, but distinct from T. carpenteri, a distinct- 
ness “confirmed by the radula . (of) 58 rows ... 
(and) 16-22-2-2-22-16 (teeth formula) ...” He further 
attempted to differentiate the alleged 6 Californian spe- 
cies: T. catalinae, T. carpenteri, T. maculata, T. grandis, 
T. aurantiaca, and T: scrippsiana. 

O’DonocHuE (1921) described Triopha eliotz, distin- 
guishing it from T. carpenteri because of color, “white, not 
yellow,” and the lesser number of teeth in the radula, 
“99 as against 33.” Ina later work (O’DonocuuE, 1922), 
he suppressed T. elioti as a junior synonym of T: auranti- 
aca. 

O’DonocHuE (1926) designated Triopha carpenters 
as type species for Triopha and recognized 7 species from 
the California coast: T. aurantiaca, T. carpenteri, T. cata- 
linae, T. grandis, T. maculata, T. modesta, and T. scripps- 
tana. 

Rissec (1928) synonymized Triopha Bergh, 1880, with 
Triopa Johnston, 1838, and Plocamopherus Alder & Han- 
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cock, 1866, under Plocamopherus Riippell « Leuckart, 
1828, finding it “impossible to distinguish the three gen- 
era.” The synonymization has found no acceptance among 
other workers. 

THIELE (1931) placed the genus Triopha together with 
16 others in the subfamily Polycerinae, family Polyceri- 
dae, with T: modesta as type species. 

OpHNER (1941) brought together the genus Triopha 
with “all of those genera which bear ramose or compound 
processes, like Plocamopherus, Caloplocamus ..., Kalin- 
ga” into a new family, Triophidae. 

Basa (1957) reported Triopha carpentert in Japan. 

STEINBERG (1961), impressed by “the absence of speci- 
mens from southern California which were clearly refer- 
able to MacFarland’s Triopha maculata,” suggested that 
the Triopha species, so abundant in intertidal waters in 
southem California, might be a species distinct from the 
T. maculata found in northern (Monterey Bay) waters. 

Tay.or & Sout (1962), in an outline of gastropod clas- 
sification, preserved Odhner’s (1941) arrangement, and 
placed the family Triophidae (together with the families 
Notodorididae, Polyceridae, and Gymnodorididae) in the 
superfamily Nonsuctoria of the infraorder Phanerobran- 
chia. 

MacFarianp (1966) recognized Triopha carpenteri, 
T. maculata, T. grandis, T. modesta, and T. elioti (under 
which he synonymized T: aurantiaca). 

Burn (1967) included the genus Triopha Bergh, 1880 
(together with Kaloplocamus Bergh, 1880, Plocamopher- 
us Rippell « Leuckart, 1828, and Joubiniopsis Risbec, 
1928) in Triophinae s. s., in itself a part of the subfamily 
Triophinae in the family Polyceridae (sic). 

Franc (1968) retained Triopha in the separate family 
Triophidae, and defined the genus as: “Dorsum smooth; 
edge of notum with appendages above all in the front. 
Radular formula: 10-11-3-4-2:0:2-3-4-10-11; 
jaws triangular; penis armed ...” 


Type Species: Triopha modesta Bergh, 1880 [= Triopha 
catalinae (Cooper, 1863) ] by M. 


Remarks: Except for Rispec (1928), the genus T7i- 
opha has been accepted without question. Although the 
radular characteristics were set too rigidly by BercH 


Explanation of Figures 2, 12 


Figure 2: Triopha catalinae (specimen no. 430): scanning elec- 
tron micrographs of half a row of the radula (courtesy of Hans 
Bertsch) [montage] é approximately X 100 


Figure 12: Triopha maculata (no. 408), scanning electron micro- 


graphs of half a row of the radula (courtesy of Hans Bertsch) 
[montage] approximately X 100 
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(1880) and subsequent workers, the general external and 
internal anatomy of Triopha has been stated with sufh- 
cient clarity to characterize and differentiate the genus. 

Bercu (1880) saw Triopha as “a link between Poly- 
cera and Triopa on one side, and the Euplocami on the 
other,” and rather close to the genus Colgae Bergh, 1880. 
OpHNER (1941) stressed the taxonomic and phylogenetic 
importance of the “ramose and compound processes” as 
a sign of the Triopha’s “heritage from ancestors with 
Dendronotacean features.” The systematic importance of 
frontal and lateral ramose processes in Triophidae was 
also emphasized by Pruvot-Fox (1954: 323 - 327), who, 
although making no reference to Triopha, instituted the 
section Caloplocaminae for 4 European genera, Issena, 
Caloplocamus, Plocamopherus, and Crimora. 

The status of the genus Cabrilla Fewkes, 1889 (type 
species by M: Cabrilla occidentalis Fewkes, 1889) re- 
mains unresolved. Although it is tempting to guess that 
Fewkes’ singular finding was a member of the genus T7i- 
opha, the fact remains, as pointed out by O’DonocHUE 
(1926) and Sremserc (1961) that the description and 
illustration of C. occidentalis as given by FEwKeEs (1889) 
do not correspond to any nominal species of Triopha. 


Distribution: Currently known species of the genus Tri- 
opha are confined to the cold-temperate north Pacific, 
above latitude 30° N, along the coasts of California, Ore- 
gon, Washington, Canada, the Aleutian Islands, and 
Japan, intertidally to subtidally (30m). 


Triopha catalinae (Cooper, 1863) 
(Figures 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 16) 


Triopa catalinae Cooper, 1863, 3: 59 (unfigured) ; Cooper, 
1870, 5 (6): 56; Apranam, 1877: 230 

Triopha catalinae. CocKERELL, 1915: 229; O’DonocuuE, 
1922, 15: 138; 1926, 15(2): 214; SmrrnH ® Gorpon, 
1948, 26 (8): 180; SreinBErc, 1961, 4 (2); 60 (as no- 
men dubium) ; Lance, 1961, 4 (2): 66; Apsorr, 1974: 
360, no. 4298 

Triopa carpenteri Stearns,1873, 5: 78; fig. 2; ABRAHAM, 1877: 
230 

Triopha carpenteri. Bercu, 1880: 112-117 (reprinted in 
Dati, 1880, 1 (6): 261-266); Tryon, 1883, 2: 376; 
BercH, 1894, 25 (10): 184 (as synonym of T: modesta) ; 
MacFartanp, 1905, 18: 48-49; CocKERELL & ELIOT, 
1905, 12 (3) : 43; MacFartanp, 1906, 25: 135 - 137; plt. 
19, figs. 51 - 55; plt. 21, figs. 108, 113; plt. 27, figs. 16-17; 
Berry, 1907, 21 (3): 35; Keep, 1911: 125; CocKerett, 
1915, 7: 228-229; O’Donocuue, 1921, 13 (29): 167; 
1922, 15: 136-138; 1926, 15 (2): 214, 238; 1927, 19: 
95-97; Jounson & SNoox, 1927: 495, plt. 10, fig. 1 
(reprinted 1967); Kerp, 1935: 274; Costetto, 1938, 


THE VELIGER 


Page 389 


63 (2): 321 - 326, 330, 333, 334; plt. 1, figs. 11, 21; plt. 
2, figs. 26, 31, 38; SmitH & Gorpon, 1948, 26 (8): 180; 
Apso, 1954: 304, plt. 16k; Baza, 1957, 13 (1-4): 11, 
figs. 1, 2A; Marcus, 1961, 3 (Suppl. 1): 22 - 23, plt. 4, 
fig. 71; Srernperc, 1961, 4 (2): 60; Lance, 1961, 4 (2): 
64; THompson, 1961: 235; Ricketrs ® Cavin, 1962: 
35, pit. 6; Sreinperc, 1963, 6 (2): 70; MacFarianp, 
1966: 106 - 109, plt. 19, figs. 3, 4; plt. 29, figs. 4-6; pit. 
31, figs. 13 - 18; Guisexin, 1966, 3 (3) : 333, 345; SrerN- 
BERG in Licut, 1967: 266, 269; Hurst, 1967, 9 (3): 
255 - 257, 261, 270-271; plt. 28, figs. 12, 24; SpHON & 
Lance, 1968, 36 (3): 81; Rice, 1968: 461; HADERLIE, 
1969, 12 (2): tab. 2; Rotter & Lone, 1969, 11 (4): 
428; Turner, Epert & Given, 1969: 137-138; Mc- 
Betu, 1971, 14(2): 158-160; Bertscu, GosLiner, 
Wuarton & Wixuias, 1972, 14 (3): 308-312; Spxon, 
1972a, 15 (2): 156; Assorr, 1974: 360, no. 4295; plt. 
17; McDona_p, in Smitu & CartTon (eds.), 1975: 526, 
541; plt. 123, fig. 20 

Trniopha modesta Bergh, 1880: 113 - 117; plt. 14, figs. 17 - 20; 
pit. 15, figs. 1-11 (reprinted 1880a: 261 - 266; plt. 14, 
figs. 17 - 20; plt. 15, figs. 1-11); 1894: 184 - 187; plt. 7, 
fig. 29; plt. 8, figs. 2-12; plt. 9, figs. 1-12; MacFar- 
LAND, 1905, 18: 49; CocKERELL & Extor, 1905, 12 (3): 
43; MacFarianp, 1906, 25: 137, 141; O’DonocHuE, 
1922, 15: 137 - 138; 1926, 15 (2): 215; Turexe, 1931: 
424; Marcus, 1961, 3 (Suppl. 1): 22 - 23; MacFarLanp, 
1966: 115 

Triopha scrippsiana Cockerell, 1915, 7: 228 - 229; O’Dono- 
GHUE, 1926, 15: 137 - 138; 1926, 15 (2): 215; Marcus, 
1961, 3 (Suppl. 1): 23; Sremperc, 1961, 4 (2): 60; 
Lance, 1961, 4 (2): 66; Aspotr, 1974: 360, no. 4300 

Triopha elioti O'Donoghue, 1921, 13 (29): 165 - 167; STEIN- 
BERG, 1961, 4 (2): 60; 1963, 6 (2): 70; MacFarianp, 
1966: 115; Rice, 1968: 461 


Nomenclatural Comments: STEINBERG’s (1961) sugges- 
tion that Triopha catalinae be considered a nomen dubi- 
um does not conform well with the fact that Cooprr’s 
(1863) description is ample and detailed enough to identi- 
fy the species later described by Stearns (1873) as Trio- 
pa carpenteri. Thus, Triopha catalinae is the senior syno- 
nym of Triopa carpenteri and the proper name for the 
taxon (International Code of Zoological Nomenclature, 
Article 23, Law of Priority). 

Bercu (1894) had synonymized Triopha carpenteri 
with T: modesta, and inexplicably suppressed the former 
in favor of the latter. Despite the absence of any further 
data, the nominal species T: modesta was regarded as valid 
by several authors (CocKERELL & Extot, 1905; O’Dono- 
GHUE, 1922, 1926; Marcus, 1961; MacFarianp, 1905, 
1906). 

This study shows that the alleged differences in the 
radulae fall well within the range of individual variation 
for Triopha catalinae; with no other anatomical distinc- 
tion outstanding, these 3 nominal species are regarded 
as identical. Similar considerations of radula and external 
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anatomy apply to the synonymization of T. sereppstana. 

O’DonocHvE (1922) had considered Triopha elioti 
a junior synonym of T. aurantiaca Cockerell, 1908. How- 
ever, the original description and geographical consider- 
ations indicate it to be a synonym not of T. aurantiaca but 
of T. catalinae, which had been suggested already by 
Stemnserc (1961: for T: “carpenteri’). 


Type Material: Unavailable. The “four specimens” up- 
on which Cooper (1863) based his description of Tropa 
catalinae were probably lost or never designated. Equally 
unavailable are Stearns’ (1873, T. “carpenterv”), Bergh’s 
(1880, T:“modesta’”), Cockerell’s (1915, T: “scrippsiana”), 
and O’Donoghue’s (1921, T: “eliotz”) original specimens. 


Type Locality: “Near north end of Catalina Island [Los 
Angeles County, California]” (CoopEr,1863). 


External Anatomy and Individual Variation: The de- 
scription by Stearns (1873), enriched by the observa- 
tions of Bercu (1880, 1894), MacFartanp (1905, 1906, 
1966), and Marcus (1961) (using the synonymous name, 
Triopha carpenteri) remain the foundation for the pres- 
ent understanding of T: catalinae. ~ 

The largest specimen I examined alive (Cypress Point, 
Pacific Grove, California, September, 1971, at 25m, leg. 
Ed Gaffaney, with SCUBA) measured 70mm in length 
while actively crawling; the largest specimen preserved in 
alcohol measured 65mm. MacFartanp (1966: 108) 
mentioned preserving a living specimen 84mm in length. 
The material examined in this study indicates that large 
specimens of Triopha catalinae are much more likely to 
have come from offshore stations and deep water than 
from intertidal and shallow subtidal localities. 

Body shape elongate, limaciform, anteriorly rounded, 
posteriorly pointed. Color generally white with orange 
markings. The white ground color often has a translucent 
quality, particularly noticeable in small specimens. Smal- 
ler specimens tend to be diffuse pale yellow, and show a 
sprinkle of ill-defined white specks on the dorsum and 
sides. Other specimens have a diffuse dark pigmentation, 
particularly in the dorsum in front of the gills. In the 
extreme cases, the pigmentation may turn the ground 
color to a markedly dark gray. These variations in general 
color are vaguely related to size and age. Certain color 
characteristics can be related to geographic populations. 
For instance, in a lot of Triopha catalinae collected at 
Seals Rock State Park, Oregon, all specimens (small) ex- 
hibited a solid translucent white color; in a lot collected 
intertidally at Orcas Island, Washington, all 5 specimens 
showed a very heavy pigmentation of the dorsum and the 
sides; 2 specimens collected together in about 20m, off 
Cypress Point, Pacific Grove, California, were intensely 
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yellow, gradually shading to brown in front of the gills 
and to white towards the sides. 

Less variation occurs in the brilliant orange to vermil- 
lion markings of Triopha catalinae. These markings ap- 
pear as well defined, more or less circular blotches in the 
dorsum and sides. The same orange color is present in 
the tip of the tail, tips of branchiae, clavus of the rhino- 
phores, dorso-lateral papillae, dorsal tubercles, and ap- 
pendages of the frontal veil. Nevertheless, the amount and 
hue of the orange markings varied from specimen to speci- 
men. 

In preserved material, the orange color tends to dis- 
appear rather rapidly, often in a matter of weeks. This, 
of course, has much to do with the preserving method and 
agents. However, it was noticed that the (seemingly) 
same preserving technique “allows” the orange markings 
to remain sometimes only for a few weeks, other times 
for several months. 

The head is somewhat flattened dorso-ventrally, and 
oblique in relation to the body axis. Anterior margin ex- 
tends into a narrow frontal veil, bearing a variable num- 
ber (7 to 16+.) of small processes which are irregularly 
shaped, often dendritic, and for the most part intensely 
orange-vermillion. The frontal veil terminates on the side 
of the head behind the rhinophores where the row of 
dorso-lateral tuberculated papillae begins. 

The dorsum is slightly arched, delimited on the sides 
by a row of tuberculated papillae. These papillae, usually 
5 or 6, but sometimes as many as 8 or 9 per side, are mod- 
erately variable in size and thickness. Often they are blunt, 
rounded or cylindrical, somewhat granulose, colored a 
bright orange-vermillion. They lie in a row along a line 
(that sometimes actually forms a small ridge) separating 
the dorsum from the sides, and extending from the rhino- 
phores to the tail. A set of round, low-profile dorsal tuber- 
cles is virtually diagnostic. These tubercles are usually 
lined up 4 to 6 in a midline series. About mid-dorsum, 
this linear series forks into 2 parallel rows of similar tuber- 
cles that extend onwards to the sides of the branchiae 
(often further back to the tail). In their distribution 
along the dorsum, they outline a sort of inverted Y, to 
which MacFartanp (1966: 107) has already called 
attention. Often, but. not always, these dorsal tubercles 
are orange-vermillion. 

The skin, besides the usual glands, contained a large 
number of spicules in the subepidermal connective tissue. 
The spicules (Figure 1) were of 2 types: 1) small, about 
200 um long, spindle-shaped, grouped in tufts or rosettes 
scattered more or less uniformly throughout the dorsum, 
sides, and tail; and 2) much larger rods, about 400 um 
to 600m in length, often with a nodosity, knob, or 
small branch at midpoint, grouped in palisades mostly 
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Figure 1 
Triopha catalinae 
spicules (specimen no. 105) (camera lucida drawing) 


along the dorso-lateral ridge to which they seemed to lend 
support. BercH (1880: 115) reported the presence of 
“few and small’ spicules in his Triopha modesta. Curious- 
ly, no other investigator has reported them in this species. 
Even more curious is that of 10 specimens of T: catalinae 
examined for spicules, only 7 had them as described 
above. The other 3 specimens (in no other way distinct) 
had no spicules, a lack which could be related neither to 
age (size) of the specimen, geographic origin, nor pre- 
serving method. 

The rhinophores are perfoliatec (18 to 35 leaves in the 
adult) ; the stalk is cylindrical and well formed, the cla- 
vus is curved backwards and upwards. The rhinophores 
are retractable into thin and smooth rhinophoral sheaths, 

The non-retractable branchiae are usually tripinnate, 
with 5 plumes. Specimens with 4 or 6 plumes are not 
rare. The plumes are arranged as a pentagonal figure, 
with the anterior plume in the midline; they surround 
the centrally located, prominent (often orange-colored) 
anal papilla. A minute renal pore opens to the right and 
to the front of the anal papilla. 

The tentacles are auriform, tending to appear as if slit 
along the outer edge. 

The foot is uniformly white in color. The anterior 
margin is rounded and entire, and the sides are nearly 


parallel, terminating posteriorly in a somewhat abrupt 
and blunt point. 

The mouth has full plicated lips. The opening is circu- 
lar, or a vertical slit or an inverted T. 


Internal Anatomy: Jaws or mandibular plates are 
brownish-yellow, nearly triangular, broad above and 
pointed below. Moderate variations in size and shape are 
common. Histologically, they are made up of tightly 
packed hyaline rodlets about 5 zm in diameter. 

The pharynx is conical in shape, relatively large and 
muscular. Its floor is occupied by the radula which pro- 
jects posteriorly into the radular sac. In the upper poste- 
rior corner there are the openings for the esophagus and 
the paired pharyngeal glands. 

The pharyngeal glands are tubiform, long (as much as 
2 or 3mm in an average sized specimen), and whitish in 
color. Placed longitudinally between the visceral mass 
and the foot, they open in the pharynx almost at the same 
level as the esophagus. 

The radula (Figure 2) is broad, deeply grooved and 
relatively large. The teeth are usually transparent and 
clear. However, the radular teeth of many specimens, 
particularly larger (older) ones, were more or less in- 
tensely amber colored. The rachidian part of the radula 
is devoid of teeth; instead, the radular membrane dis- 
plays at that level some well-defined thickenings (counted 
as “teeth” by some authors). These thickenings include 
1) a roughly quadrangular area located medially (often 
divided into 2 equal halves by an antero-posterior clear- 
ing), and 2) 2 triangular thickenings, symmetrically lo- 
cated on each side of the median thickening. Considerable 
variation was found in the size, shape, and homogeneity 
of these median and paramedian thickenings. 

The radula of Triopha catalinae has been one of the 
main sources of confusion in previous efforts to under- 
stand the concept of the species. The first mention of 
the radula of T. catalinae came from Bercu (1880: 115 
to 116) in the description of his T: “modesta”: “The total 
number of rows twenty-one .... The rhachis rather 
broad, bearing two quadrangular thickenings of the cu- 
ticula ... at the outer side of which there is a somewhat 
shorter and narrower plate .... The three succeeding 
teeth are brownish-yellow, hook-shaped, all nearly of the 
form and of the same, but outwardly slowly decreasing, 
size (plt. XV, fig. 6 c, d); the fourth lateral plate ... 
with a small hook (fig. 7a) .... On the lateral parts of 
the pleurae, ten to eleven external (uncinal) plates ...” 
MacFartanp (1905: 48) described the radula of T: cata- 
linae (under T. “carpentert”) as composed of 33 rows of 
teeth, “the rachis broad with four rows of flattened plates 
(spurious teeth) ...; the pleural teeth yellow, strongly 
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hooked ... the number varying in different individuals 
from 9 to 18 ...; uncini ... varying from 9 to 18 in 
number in different individuals ...,” a description left 
unchanged in his posthumous publication (MacFarLANnD, 
1966: 115). 

The present investigation disclosed a very different 
view of the radula of Triopha catalinae, with important 
implications to the study of the radula of nudibranchs in 
general. The radula of T. catalinae was found to vary 
considerably with the size (age) of the specimen. The 
radular length varied from 2 to 21 mm in the adult, and it 
was found to be a direct function of the size of the ani- 
mal (positive correlation, r = 0.65). In the adult, the 
numbers of radular rows and teeth per row were found 
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Rows of teeth 


Figure 3 


Triopha catalinae 
juvenile specimens (7. ¢., without genital pore); length of radula 
(in mm) vs. number of rows of teeth. Two populations: © “very 
juvenile” (radula with only one hook per half-row), and @ “less 
juvenile” (radula with 2 or more hooks per half-row) 
Y, = 0.32 + 0.108 X, r, = 081 p < 0.001 
Y, = 0.59 + .027 X, 
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to be also a function of the size of the specimen. Thus, in 
the specimens studied, the number of rows varied in the 
adult from 14 to 82, the number of hooks per halfrow 
from 4 to 33, and the number of plates (uncini) from 7 
to 28 per halfrow. There is a strong positive correlation 
between the length of the radula (which being rigid and 
unaffected by preservation, is a much more meaningful 
index of the size of the specimen than the head-to-tail 
length) and the number of rows of teeth in the radula 
(r = 0.81; Figure 3). An equally strong correlation was 
found between the number of rows and the number of 
hooks (r == 0.94; Figure 4), between the number of 
rows and the number of plates (r = 0.72), and between 
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Figure 4 


Triopha catalinae 


adult specimens: number of rows of teeth in the radula vs. number 


of hooks per half-row 


r = 0.94 p< 0.001 


the number of hooks and the number of plates per row 


(r = 0.77; Figure 5). 


Explanation of Figures 6, 7 


Figure 6: Triopha catalinae (no. 27), radula of very juvenile 
specimen : X 40 


Figure 7: Triopha catalinae (no. 27), close-up of radula showing 
paramedian tooth and hook 


X 400 
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Plates 


Figure 5 


Triopha catalinae 
adult specimens: number of hooks vs. number of plates per half-row 
Y = — 10.87 + 1.58 X r = 0.77 p< 0.001 


Thus, looking upon these data as a growth series, it 
becomes apparent that as the animal grows older (larger) 
the numbers both of rows and teeth per row increase. In 
Triopha catalinae, the merial characteristics of the radula 
(z. é., size, number of rows, number of teeth) are depend- 
ent upon the size (age) of the specimen. What remains 
constant is not the raw number of these elements (the 
formula), but the proportions between them. This rela- 
tionship is also true for the anaspidean Phyllaplysia tay- 
lori Dall, 1900 (BeEMan, 1963), and various species of 
chromodorid and discodorid nudibranchs (BertscH, 1976 
a and personal communication). It is likely to be a valid 
generalization for a wide number of opisthobranch spe- 
cies (BERTScH, 1976b). 

The problem of the radula of Triopha catalinae gets 
still more complex. The radula of very young specimens 
(z. €., Specimens smaller than 10mm alive, with a radula 
smaller than 2mm in length) has a much greater number 
of rows (20 to 33) than the radula of mature individuals; 
in addition it bears only one hook and 7 to 12 much 
shorter, squarish plates. In the smallest of these speci- 
mens, instead of a triangular paramedian thickening, a 


small triangular tooth was present, with a very small 
cusp directed forwards and inwards (Figures 6 and 7). 
Indubitably, this paramedian tooth is the precursor of the 
paramedian triangular thickening of the radular mem- 
brane found in the adult radula. Marcus (1961) has 
already made this same observation for T. maculata, 
pointing out that the presence of such a paramedian 
tooth “establishes the origin of the spurious rachidian ele- 
ments [i. e., the median and paramedian thickening] of 
the radular membrane by retrograde development of true 
teeth.” In one case (specimen no. 134, SBMNH 23558, 
leg. Tajiguas, Santa Barbara, California, January, 1963, 
by D. Olsen) this transition from juvenile to adult was 
seen in the same radula. The specimen in question was 
the largest (10mm long, preserved) of those “very juve- 
niles” that exhibited paramedian teeth. The radula, also 
the longest in the group, measured 1.8mm, and it had 
only 16 rows of teeth (7. ¢., more like an adult’s than a 
juvenile’s). The anterior (oldest) 3 rows had only 1 hook 
and a paramedian tooth on either side of the quadrangu- 
lar thickening of the membrane. In subsequent rows the 
paramedian tooth was progressively less distinct, becom- 
ing absent in the posterior (most recent) half of the 
radula, where it was replaced by the triangular para- 
median thickening. Apace with this change, the number 
of hooks increased from 1 in the anterior rows to 3 in 
the last row. That such a transition could be observed 
in a single radula indicates that it must take place at least 
as rapidly as it takes the whole radula to rejuvenate 
itself. 

In a few prosobranchs and pulmonates, ISARANKURA 
& RunuamM (1969) have shown that the rate of secretion 
of the radula is on the order of 1 to 6 rows per day, and 
that for a given species the rate was much faster in the 
young. If these observations are any indication of events 
in nudibranchs, we may surmise that the juvenile-to-a- 
dult transition in radular morphology of Triopha catalinae 
takes place rather rapidly. My attempts to determine 
the rate of radular replacement in a few adult and juve- 
nile specimens of T: catalinae by means of the “cold shock” 
technique (IsAaRANKURA & RUNHAM, op. cit.) met with 
no success. 

The esophagus leaves the pharynx at its postero-supe- 
rior corner. It turns to the left (in one specimen it turned 
to the right first, making a short loop), and enlarges into 
a stomach. After the stomach, a tubular intestine turns to 
the right to pass along the space that separates the 2 
lobes of the midgut gland where it receives the openings 
of digestive glands. As a rule, the intestine merges on the 
lower right side of the animal, curving upward and for- 
ward to terminate at the anus, which opens on the anal 
papilla in the center of the gill branches. The whole di- 
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gestive tract, from the pharyngo-esophageal juncture on- 
wards, is quite variable in diameter and even in course 
from specimen to specimen. The midgut gland is volumi- 
nous, dark brownish in color, and clearly divided into 
antero-superior and postero-inferior lobes. Macroscopic- 
ally, in the specimens examined, the digestive component 
of the midgut gland could not be told apart from the 
hermaphroditic gland (ovo-testis) component. 


Figure 8 


Triopha catalinae 
reproductive system (semi-schematic) 


Am - ampulla BC — bursa copulatrix 
FG — female gland mass Go —- gonoduct 
GP - genital pore Pe — penis Pr — prostate 


RS — receptaculum seminis SV — seminal vesicle 
VD - vas deferens 


The reproductive system (Figure 8) is triaulic (ScHME- 
KEL, 1972), and as described by Marcus (1961) and 
MacFartanp (1966). However, the specimens examined 
in this study showed greater variability in the relative 
size of the organs involved than anticipated. From the 
rather diffuse hermaphroditic gland in the antero- supe- 
rior lobe of the midgut gland, the gonoduct follows a 
more or less straight course towards the upper surface of 
the nidamental gland, where it becomes intensely con- 
voluted in the ampulla. The post-ampullar duct divides 
(often after having penetrated the nidamental gland) 
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into the male and female ducts. The male duct leads into 
a large, glandular looking prostate, whose strongly eosino- 
philic secretion has been found to be “largely protein, 
and contains little, if any, carbohydrate.” (GHISELIN, 
1966: 333). The prostate opens into a fairly large, 
sausage-shaped seminal vesicle, but whose size and posi- 
tion vary appreciably with individuals. In some speci- 
mens, a short and narrow efferent duct is seen between 
the prostate and the seminal vesicle; in other specimens, 
one organ seems to continue directly into the other with 
no duct in between. The seminal vesicle leads into a 
rather long vas deferens, and the cylindro-conical atrium, 
whose eversible penis is armed with small hooks. These 
hooks (Figure 9) were about 30m long, implanted by 
a large round or oval base some 12 zm in diameter, and 
ended in a recurved point. The average hook had a 
midshaft thickness of 5 um. Towards the root of the penis 
the hooks tend to be longer, thinner, and straighter; 
distally the hooks tend to be thicker, shorter, and more 
sharply curved. 

The female duct continues its course within the nida- 
mental gland which opens, ultimately, posterior to and 
independent of the vaginal duct. The vagina itself is con- 
tinued upwards by a relatively long insemination duct 
which ends in a rather large bursa copulatrix. From the 
bursa copulatrix (usually quite adherent to the prostate) 
a thin duct leads to the closed-sac receptaculum seminis, 
and the female gland mass. This mass, usually large and 
round, often clearly shows, particularly in the fresh spe- 
cimen, its 2 component parts, the albumen and the nida- 
mental glands. 

The genital pore opens on the right side of the animal, 
behind and below the right rhinophore. Its size varied 
with the size of the specimen. It was totally absent in the 
very small specimens, thus revealing their sexual imma- 
turity. In the smallest specimens examined, neither mac- 
roscopic dissection nor microscopical perusal could show 
the presence of the reproductive system. In a few less 
juvenile specimens, although the genital pore was still 
absent, dissection showed a reproductive system minus- 
cule in size but fully formed, with the still undeveloped 
sexual ducts, vas deferens and insemination ducts, at- 
tached to the body wall at the point where the genital 
pore would later open to the outside. 

The cardiovascular system consists of an oval to 
pyriform heart, about 3mm in length (for an average 
sized specimen), located in the posterior part of the 
dorsum in front of the gills, from which a single median 
aorta departs in a forward course. The main vessels, only 
superficially studied, seemed to vary considerably in num- 
ber and location. In the laboratory, the heart rate of 2 
small specimens (10 - 11mm long while crawling active- 
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ly) was measured by visual inspection at 72 to 82 con- 
tractions per minute. 

The juxtaganglionic gland appears as a somewhat ir- 
regular, glandular looking mass, immediately under the 
skin, usually covering the cephalic nervous ganglia and 
the eyes. Its size varied considerably with the individual. 
Although the exact nature of the juxtaganglionic gland 
is still a matter of controversy (SANCHEZ, 1962; SaNcHEZ 
& SaBuiER, 1962; Martoja, 1965; SCHMEKEL & WEI- 
SCHER, 1973), in the case of Triopha catalinae (Figure 
10) its microscopic structure favors the endocrine-gland 
rather than the hemopoietic-organ hypothesis. As noted 
by Miter e¢ al. (1973) in the case of the red abalone, 
Haliotis rufescens Swainson, 1822, the juxtaganglionic 
tissue of T. catalinae is devoid of ductal formations, and 
is made up mostly of very large cells with prominent 
nucleoli and acidophilic inclusions, strongly suggesting 
an endocrinal gland structure (Figure //). 

The nervous system conformed well with the descrip- 
tions of Bercu (1880: 114) and Marcus (1961), al- 
though with more individual variation. 

The eyes, 2 coal-black dots on top of the antero-lateral 
aspect of the cerebral ganglia, were often visible in young 
specimens through the translucent skin. 


Behavioral Observations: Little is known about the 
feeding habits of Triopha catalinae except for its appetite 
for some arborescent ectoprocts. McBetu (1971: 158-160) 
found through gut analysis of over 100 specimens of T.: 
catalinae freshly collected from 25 - 35m off San Diego, 
California, that their diet included 3 species of ectoprocts, 
Scrupocellaria diegensis Robertson, 1905, Crista serrulata 
(Gabb & Horn, 1862) and Cellaria mandibulata Hincks, 
1882. In this study, the examination of a few live speci- 
mens (from 15 - 25m, off Isla de Todos Santos, Baja Cali- 
fornia, Mexico) revealed the presence of 3 species of 
ectoprocts, Crisia and Scrupocellaria spp. (probably the 
same as those reported by McBetu, 1971), and Cellaria 
mandibulata. 

CosTELto (1938: 328), from intensive collecting during 
the years of 1934 - 1936 in the Monterey Peninsula, Cali- 
fornia, observed that Triopha catalinae was to be found 
in the greaest numbers during the months of July to Au- 
gust. Bertscu et al. (1972) made the same observation in 
a 5-year period of collecting along the open coast of San 
Mateo County, California; they witnessed T. catalinae 
crawling on the ectoproct Membranipora sp., and on a 
great diversity of algae, Corallina, Phyllospadix, Micro- 
dalia, Prionitis, Hymenea, and Botryoglossum. Floating 
behavior has been observed both in the field and in the 
laboratory (personal observation; also Bertscu et al., 
op. cit.). 
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Egg-Laying, Egg Masses, and Veligers: Egg-laying in 
the laboratory has been found to be most pronounced 
in July to August, although activity has also been seen 
in January and February (CosTExto, 1938). In the labo- 
ratory, Hursr (1967) observed that egg masses were laid 
only between April and June. CosTEtxo (op. cit.) de- 
scribed a period of “restlessness” preceding the laying of 
eggs in the laboratory. 

The egg masses of Triopha catalinae, observed in the 
laboratory, are white, neat counterclockwise-coiled rib- 
bons with the free edge considerably longer than the at- 
tached edge. They are of Type A, as described by Hurst 
(1967): “The ribbon is about 1.4cm wide. Capsules are 
smooth-walled and may contain 1 or 2 eggs, those with 2 
being larger and more oval, some being pointed at one 
end. Capsules with only 1 egg are more numerous, but 
in a few egg masses capsules with from 5 to 7 eggs were 
frequent” (Hurst, op. cit.: 261; plt. 28, fig. 12). The 
veligers, also studied by Hurst (op. cit., fig. 24; no. 9, 
table 9) are of Type 1 of Tuompson (1961: 234 - 235): 
“Spiral shells normally forming 3 to 1 whorl only.” Based 
on the observation of 10 specimens, Hurst (of. cit., table 
9) gives the following average measurements for the veli- 
ger of T. catalinae: 134.5 um in length, 89.1 ym in width, 
and 97.7 um in depth. 


Distribution: Triopha catalinae has been found in rela- 
tive abundance along the shores of the North Pacific 
cold-temperate region, along the coasts of Mexico (Baja 
California), United States (California, Oregon, Washing- 
ton, Alaska, and the Aleutian Islands), Canada (British 
Columbia), and Japan. 

The southernmost finding of Triopha catalinae was at 
Isla de Todos Santos (31°48’N; 116°48’ W), Baja Cali- 
fornia Norte, Mexico, in 15 to 25m of water (7 speci- 
mens, September 24, 1973, leg. AJF with SCUBA). The 
northernmost finding was Coghlan Island (58°20’N; 
134°42’W), Auke Bay, Alaska, at 8 to 12m depth (3 
specimens, August 4, 1974, leg. L. Barr with SCUBA). 

Tropha catalinae has been collected at many other in- 
between stations, including Monaska Bay, Alaska; San 
Juan Islands, Washington; Catalina Island and Cortez 
Banks off the southern coast of California. It has also 
been collected at Amchitka Island in the western Aleu- 
tians (Lou Barr, personal communication). In Japan it 
has been collected at Hirota Bay (39° N; 142° W) on the 
east coast of Honshu, and at Shirikishinai (41°40’N; 
141°10’W) near Hakodate, Hokkaido (Basa, 1957). 
Detailed sketches of the specimens collected (kindly pro- 
vided by Dr. Kikutaré Baba) leave no doubt as to their 
identity. 
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Most specimens of Triopha catalinae examined in this 
study came from intertidal stations. Many came from 
kelp beds and coralline algae habitats. The greatest re- 
corded depth was 60m (2 specimens, CASIZ, off San 
Jose Creek Beach, south of Carmel, California, August 17, 
1962, leg. D. Sullivan, with SCUBA). 


Triopha maculata MacFarland, 1905 
(Figures 12, 13, 14, 15, 17, 18) 


Triopha maculata MacFarland, 1905, 18: 49 (unfigured) ; 
Cockerett & Extor, 1905, 12 (3): 43; MacFarzanp, 
1906, 23: 137 - 139, 141; plt. 28, fig. 18; Berry, 1907, 
21 (3): 35; Keep, 1911: 125; Cocxerer, 1915, 7: 
229 (key) ; O’DonocuHue, 1926, 15 (2): 214 - 215; Jonn- 
son & Snook, 1927: 495-496; plt. 10, figs. 2, 3 (re- 
printed 1967); O’DonocHur, 1927, 19: 95, 98-99; 
Keep, 1935: 274; Costerto, 1938: 324, 334, tables 1, 
2, 3, 5; SmirH « Gorvon, 1948 26 (8): 180; Assorr, 
1954: 304; plt. 16 f£; Marcus, 1961, 3 (Suppl. 1): 23 - 24; 
pit. 4, figs. 72 - 76; table 1; Srernperc, 1961, 4 (2): 61; 
Lance, 1961, 4 (2): 66; Ricketts & Carvin, 1962: 79, 
fig. 40; Farmer ® Corie, 1963, 6 (2): 62; STEINBERG, 
1963, 6 (2): 70; MacFartanp, 1966: 109 - 112; plt. 19, 
figs. 5, 6; plt. 31, figs. 19- 21; Farmer, 1967 9 (3): 341; 
Stemerc in Licut, 1967: 267 - 269; Spoon « Lance, 
1968: 36 (3): 81; Rotter « Lone, 1969, 11 (4): 428; 
Beatscu, GosLiner, WHaRTON * Wiiuiams, 1972, 14 
(3): 308, tables 1-5; Asporr, 1974: 360, no. 4260, plt. 
17; McDonatp, in Smrr & Cartton (eds.) 1975: 526, 
541 

Triopha grandis MacFarland, 1905, 18: 50 (unfigured); Cocx- 
ERELL & ExioT, 1905, 12 (3) : 43; MacFaranp, 1906, 25: 
139 - 141; plt. 19, figs. 60-64; plt. 28, fig. 19; Cocker- 
ELL, 1915, 7: 229; O’DonocHueE, 1922, 15: 137 - 138; 
1926, 15 (2): 214; 1927, 19: 95, 97-98; Smrru « Gor- 
pon, 1948, 26 (8): 180; Apporr, 1954: 304; plt. 16b; 
Marcus, 1961, 3 (Suppl. 1): 23, table 1; Lance, 1961, 4 
(2): 66; Stz1nBERG, 1963, 6 (2): 70; MacFarianp, 1966: 
112 - 118; plt. 19, figs. 1, 2; plt. 31, figs. 22 - 26; Farmer, 
1967, 9 (3): 341; Srempers, in Licut, 1967: 267, 269; 
Haperure, 1968, 10 (4): tables 2, 3; SpHon « LaNcE, 
1968, 36 (3): 81; Rotter & Lone, 1969, 11 (4) 428; 
Haperuie, 1969, 12 (2): tables 1,2; Apsotr, 1974: 360, 
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no. 4296; pit. 17; McDonap, in SmirH & CARLTON 
(eds.), 1975: 526, 541 

Triopha aurantiaca Cockerell, 1908, 22 (9): 42 (unfigured) ; 
(= Triopha sp. Cockerell « Eliot, 1905, 12 (3) : 42 - 43); 
Cockere.1, 1915, 7: 229; O’DonocHuge, 1922, 15: 137- 
138; 1926, 15 (2): 214; Marcus, 1961 3 (Suppl. 1): 
table 1; Sremperc, 1961, 4 (2): 60-61; Lance, 1961, 
4 (2): 66; Assorrt, 1974: 360, no. 4299 

Triopha sp. SpHON « Lance, 1968, 36 (3): 81; RoLLer & 
Lone, 1969, 11 (4): 428; Bertscu, GosLinER, WHARTON 
« Wiiums, 1972, 14 (3): 308, tables 2, 4, 5 


Nomenclatural Comments: The suppression of Triopha 
grandis as a synonym of T: maculata followed naturally 
from a comparison of the 2 species’ descriptions (Mac- 
Fartanp, 1905, 1906, and 1966), a side by side examina- 
tion of the respective holotypes (kindly loaned by US 
NM), and the present study which included the speci- 
mens and material in the MacFarland Collection, CASIZ. 
Both names, Triopha maculata and T. grandis, bear the 
same publication date. But T: maculata, having page pri- 
ority and greater appropriateness, is adopted here. 7i- 
opha aurantiaca Cockerell, 1908 first reported as Triopha 
sp. by CocKERELL & Extot, 1905), is by description identi- 
cal to juvenile T: maculata. The color, external charac- 
ters, radula, and locality all attest to this. It has already 
been synonymized by McDonatp (in SmirH & CARLTON, 
1975). From all appearances, it is the same animal which 
SpHon & Lance (1968), Rotter « Lone (1969), and 
Bertscu et al. (1972) had called simply Triopha sp., un- 
certain whether they were dealing with juveniles of T- 
maculata (as MacFartanp, 1906 and 1966; and JoHN- 
SON & SNOOK, 1927: 446; plt. 10, fig. 2, had indicated), 
or a yet to be described new species. Attempts to fully 
resolve that question (STEINBERG, 1961) were not made 
until now. With this study, based upon the examination 
of a fairly large number of specimens varying in size and 
locality, it was finally possible to visualize a growth series 
and forms of transition that elucidated and bridged the 
apparent gap between Triopha sp. and T: maculata. 


Type Material: Holotype of Triopha maculata (USNM 
181, 276), and holotype of T; grandis (USNM 181, 283) 
are at the United States National Museum, Washington, 


Explanation of Figures 9 to 11, 18 


Figure 9: Triopha catalinae (no. 236), penis hooks, about X 400 
Figure 10: Triopha catalinae (no. 380), juxtaganglionic gland and 
ganglionic cell about X 40 


Figure 11: Triopha catalinae (no. 380), juxtaganglionic gland 
about X 400 

Figure 18: Triopha maculata (no. 72), radula of very juvenile 

specimen approximately X 40 
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D. C. Color slides of both specimens have been deposited 
at CASIZ. 


Type Locality: “...Tide pools all along the coast of 
Monterey Bay,” California (MacFar.anp, 1905). 


External Anatomy and Individual Variation: The orig- 
inal accounts of MacFaritanp (1905, 1906, 1966) re- 
main basic to the understanding of the species. The fol- 
lowing description attempts only to supplement those 
accounts with new data derived from this study. 

The largest specimen I examined alive measured 135 
mm in length while crawling actively (Fisherman’s Wharf 
#2, Monterey Bay, California, at 7m, September 1970, 
night dive with SCUBA, Jeg. W. Schlobohm). MacFar- 
LAND (1966: 115) reported a living specimen of Triopha 
“grandis” that measured 147mm crawling, and weighed 
13.8g. In this study the largest specimen, preserved in 
ethyl alcohol, measured 75mm in length. The available 
material suggests that large specimens are more likely to 
be found at offshore sites, in the beds of Macrocystis and 
Nereocystis algae along the California coast rather than 
intertidally. 

The body is elongate, limaciform, plump, highest at 
the heart region from where it slopes forward to the head, 
and backwards to the short blunt tail. 

The color varies from a light pale yellow to a very 
deep brown. Often the dorsum and sides are thickly set 
with whitish, pale blue to light green, round to oval spots 
or maculae. In larger specimens, the maculae are seen 
at the center of slightly turgid polygonal areas, which 
may be bordered by thin orange-yellow lines. In small, 
juvenile specimens, the maculae are usually absent or only 
faintly visible; forms of transition between non-maculated 
and maculated specimens were often encountered in ju- 
venile animals collected in the “Great Tide Pool” at Point 
Pinos, Pacific Grove, California (personal observation). 
Some specimens, from the La Jolla area in southern Cali- 
fornia, have unusually large maculae, in some cases ir- 
regularly shaped as if they had become confluent. How- 
ever, the same station yielded specimens with a more 
“classical” outlook. Maculae may be absent even in fully 
grown adults. 

In addition to the generally orange (yellow to brown, 
in some specimens) color, and the possibly present macu- 
lae, some markings of a stronger orange-vermillion hue 
are usually seen accentuating the color at the velar pro- 
cesses and dorso-lateral papillae, tips of branchiae, rhino- 
phoral clubs, rim of rhinophoral sheaths, and anal papil- 
la. The foot is usually uniform in color, intense yellow to 
orange. 
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The head is flattened, sloping forward to a semicircular 
frontal veil bearing a variable number (8 - 22) of pro- 
cesses. The velar processes are quite variable in shape and 
thickness, from short and stout to long and slender. They 
are often dendritic, sometimes knobby, and are usually 
colored an intense deep orange. 

The dorsum is convex and smooth, with no tubercles. 
Although occasional specimens did have some rather in- 
conspicuous tubercles, no specimen displayed the number 
and array of dorsal tubercles seen in Triopha catalinae. At 
the line where dorsum and sides meet, there is a row of 5 
to 8 dorso-lateral papillae, rather prominent, often blunt 
and knobby. None of the specimens examined had any 
“white mass” in the papillae, as observed by MacFar- 
LAND (1966: 122), who suggested it to be “probably the 
‘lens’ of Fewkes.” 

The skin contained no spicules of any sort in 10 speci- 
mens of different sizes and geographic origin that were 
examined. 

The rhinophores are stout, fairly large and club-shaped. 
The clavus is much thicker than the stalk, but about the 
same length. It is perfoliated, with some 15 to 24 leaves 
(averaging about 18), and retractile within smooth-rim- 
med, cylindrical sheaths. 

The branchiae are large, tripinnate, non-retractile, 
5-plumed, around a conspicuous anal papilla. The bran- 
chial plumes are so disposed that the anterior plume is 
in the mid-line. Specimens with 4 or 6 plumes were not 
uncommon. 

The oral tentacles are auriform and short, appearing 
as if slit along the upper, outer edge. 

The foot is slightly lighter in color than the rest of 
the animal. It is rounded in front, and tapers posteriorly 
to a mildly blunt point. 

The mouth opening is circular, a vertical slit, or often 
an inverted T-shape. 


Internal Anatomy: Jaws are brown-yellow and tri- 
angular, with marked individual variation in size and 
thickness. Histologically, they are made up of well-packed 
rodlets about 5 um in diameter. 

The pharynx is conical, large, and muscular. On its 
floor, the amber-colored radula protrudes posteriorly into 
the radular sac. At the upper-posterior corner of the 
pharynx are the openings of the paired pharyngeal glands 
and the esophagus. These and the remaining organs of 
the digestive tract (stomach, intestine, midgut gland, etc.) 
are so indistinguishable from those of Tropha catalinae 
as to make their description redundant. 

The radula (Figure /2) is broad, deeply grooved, light 
yellow to deep amber in the adult. Its size, varying with 
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the size of the specimen (positive correlation, r = 0.76), 
ranged in the adult specimens examined from 2 to 9mm 
in length. As in Triopha catalinae, it has no rachidian 
teeth. In their place is a quadrangular thickening of the 
radular membrane, often dichotomized in the midline. 
On either side of this quadrangular thickening there is 
usually a triangular thickening of the membrane. The 
radular teeth that follow are of 2 types: 1) the hooks, 
varying from 4 to 8 in different individuals, and 2) the 
plates varying between 6 to 10. The number of rows in 
the radula varied between 13 and 20. The correlation 
between the number of rows and the number of hooks 
per halfrow was positive (r = 0.46, p< 0.01) (Figure 
13). 


Rows of teeth 
rt 


5 


Figure 13 


Triopha maculata 
adult specimen: number of radular rows vs. number of hooks 
per half-row 

r = 0.46 


Y = 11.96 + 0.64 X p< 0.01 


In Triopha maculata the increase in the size of the 
radula that parallels the increased size of the specimen 
resulted mostly from an increased size of the radular 
teeth, not from a greater number of rows. Instead of the 
strong positive correlation found in T. catalinae between 
the length of the radula and the number of rows of teeth 
(Figure 3), that same relationship yielded only a correla- 
tion of r= 0.26 (not statistically significant) in adult T. 
maculata (Figure 14). On the other hand, the correlation 
between the size of the radula and the size of the teeth 
(measured in terms of the length of an innermost plate 
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Figure 14 
Triopha maculata 
length of radula (in mm) vs. number of rows of teeth. Two popula- 
tions: A — adult (.e., with genital pore), @ Triopha “maculata”, 
and A Triopha “grandis”; J — juvenile (i. e., without genital pore), 


O Triopha “sp.” 
Y, = —25.45 + 1.85 x, r, = 0.26 n.s. 
Y, = 2.21 — 0.03 X, r,=—075 p< 0.001 
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Figure 15 


Triopha maculata 
adult specimen: length of radula (in mm) vs. length of innermost 
plate (in pm) 


Y = — 0.46 + 0.021 X r = 0.95 p < 0.001 
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from one of the middle rows of the radula) was strongly 
positive (r—=0.95) in T: maculata (Figure 15), substantially 
less so (r=0.70) in T: catalinae (Figure 16). In T. catalinae 
the increase in the number of rows accounted for about 
80% of the variance in the size of the radula, while the 
increase in the length of the teeth accounted for only 
about 20% of that variance. By contrast, in T: maculata 
the increase in the size of the teeth accounted for about 
90% of the variance in the size of the radula, while the 
increase in the number of rows accounted for only about 
10%. 
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Figure 16 
Triopha catalinae 
adult specimen: length of radula (in mm) vs. length of innermost 


plate (in pm) 


Y = — 2.90 + 0.051 X r = 0.70 


p < 0.001 


Another quantitative difference between the radulae 
of Tropha catalinae and T. maculata was found in the 
relationship between the number of hooks and the number 
of plates. In T: catalinae there is a strong positive correla- 
tion (r = 0.77) between the 2 parameters, but in T. 
maculata no such correlation exists (r = 0.09), as the 
number of plates remains essentially the same despite 
the varying size of the specimens (Figure 17). 

Differences between the radulae of Triopha maculata 
and T. catalinae are qualitative as well as quantitative. 
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Hooks 


Plates 


Figure 17 
Triopha maculata 
number of hooks vs. number of plates per halfrow of radula. 
Hand-drawn areas emphasize the differences and the overlap 
in the scores of the three subpopulations 
(A Triopha “grandis”, @ Triopha maculata, and E Triopha “‘sp.”, 
as per original identifications) 


In T. maculata the hooks tend to have a rather straight 
shaft with the cusps inserted at a rather sharp right angle 
(sometimes accentuated by a slight cresting on its outer 
contour). The hooks of T: catalinae tend to be more 
gradually curved, leaving it imprecise where the shaft 
ends and the cusp begins. In their shape, the hooks of 
adult specimens of 7. maculata are heavier and more 
regular looking, while those of T. catalinae are more deli- 
cate and rounded. The hooks are more like “hammers” 
in T. maculata, more like “sickles” in T. catalinae. To test 
the reality of such qualitative differences, an attempt was 
made to identify the specimens blindly, i. ¢., by briefly 
looking at the mounted radula without knowing the iden- 
tity of the specimen in question. Correct identification 
of the specimen as either T. catalinae or T. maculata was 
achieved in 96% of the cases (n = 119). 

The radula of very young Triopha maculata (Figure 18) 
is so similar to that of juvenile T: catalinae as to be indis- 
tinguishable from that species. Again, the radula in very 
young (small) T: maculata tends to have more rows (up 
to 36 in the specimens examined) than in the adult, 
and only 1 hook per halfrow. In the smallest speci- 
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mens, the plates are squarish instead of rectangular. The 
smallest specimens of T: maculata examined (3mm long 
alive, 2mm preserved, 0.4mm radula; Asilomar, Cali- 
fornia, intertidal, April, 1975, leg. G. McDonald) showed 
no rachidian tooth, but already a quadrangular thick- 
ening of the radular membrane. However, this and 
other very small (juvenile) specimens did exhibit a para- 
median tooth with a short, inner-directed cusp, in every 
respect identical with those observed in similarly juvenile 
specimens of T. catalinae. Instances of transitional forms 
between the juvenile and adult radula were also found. 

The cardio-vascular system is indistinguishable from 
that of Triopha catalinae. Heart rate was measured in the 
laboratory at 68-75 beats per minute in a specimen 
15mm long, and 86 - 100 per minute in a specimen 6mm 
long. Both specimens had been taken at the same station 
(Monterey Bay, 15m, January, 1975) the day before. 
They appeared healthy and were crawling actively when 
the heart rate was measured by simple visual means. 
Whether the observed differences in heart rate between 
the 2 specimens reflect their difference in size (age) is 
a matter for future inquiry. 

The nervous system is similar to that of Triopha cata- 
linae. The juxtaganglionic gland seemed to be smaller, on 
the average, than in T: catalinae, but given the acknow- 
ledged variability in the size of this organ, the conclusion 
cannot be more than very tentative. 

The reproductive system is the same as in Triopha cata- 
linae, and no specific distinctions could be made. Even 
the penis’ hooks were in every respect identical to those 
seen in T: catalinae. Again, juvenile specimens were char- 
acterized by the absence of a genital pore. 


Behavioral Observations: In the tide pools of Monte- 
rey Bay and of San Mateo County, Triopha maculata 
seems to be particularly abundant in the summer months, 
June to August (CosTEt1o, 1938: 321; table 1; Mac- 
Far.anp, 1966: 112; Bertscx e¢ al., 1972: table 5). 
Floating behavior has been observed both in the field and 
in the laboratory (BertscH ef. al., op. cit.). The litera- 
ture seems to contain no information about the feeding 
habits of T: maculata, although ectoprocts have been de- 
termined to be part of their diet (J. Eastman, personal 
communication) . 


Reproductive Activity: Mating has been observed in 
the laboratory. Egg-masses, of the coiled ribbon type, 
have been seen in the aquarium in August (CosTEL1o, 
1938: table 3). Except for a brief statement by CosTELLo 
(op. cit.: 325: “Tropha grandis deposit their egg ribbons 
on the surface of the kelp’”’), the literature does not con- 
tain any information about the egg-laying activity of 7: 
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maculata, nor the characteristics of the ribbon, eggs, and 
veligers. 


Distribution: Triopha maculata has been found only 
along the Baja California (Mexico) and the California 
(United States of America) coast, and at the offshore 
islands of Santa Cruz and Catalina. The northernmost 
specimens examined in this study were collected by D. 
Chivers, in September, 1962, intertidally at Bodega Bay 
(38°18’N; 123°03’W), Sonoma County, California (cf. 
also FarMER & Coxuter, 1963). The southernmost speci- 
mens examined were from La Jolla (32°42’N; 117°11’ 
W), San Diego County (12 specimens, intertidal, July, 
1974, leg. J. R. Lance, D. D. Cadien, et al.). Gale Sphon 
(personal communication) has collected specimens at 
Ensenada (31°51’N; 116°38’W), Baja California Norte, 
Mexico. FarMER (1967) collected T. “grandis” (1 speci- 
men, 9mm long, December, 1963) at Cabo San Quintin 
(30°22’N; 116°00’ W), Baja California Norte, Mexico, 
which thus remains the southernmost record for T. macu- 
lata. 

Most observed specimens have been in intertidal wa- 
ters, or from the immediate offshore kelp beds. Subtidally, 
the greatest depth recorded was 100 feet [33m] in Monte- 
rey Bay, California (HapERuIE, 1971). 
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INTRODUCTION 


The Columbellinae 


THe CoLuMBELLDAE are a large cosmopolitan family of 
small buccinacean gastropods which, since an apparent 
Eocene origin, have undergone extensive adaptive radia- 
tion. 

Swarnson (1840), the first author to treat this group 
as a family, included a total of 4 genera. In Ductos 
(1840), the earliest monographic treatment of the family, 
which was iconographic in nature, no text or indication of 
type localities of the species are provided. Other early con- 
tributions include those of SowerBy (1832, 1844), C. B. 
Avams (1845, 1850), Ductos (1846), Reeve (1859) and 
H. « A. Apvams (1853). Later monographs by Tryon 
(1883) and Kosext (1897) included few new species and 
fewer ideas for supraspecific grouping. Pace (1902) cata- 
logued all columbellid species and genera, with informa- 
tion concerning original references and type localities, but 
he included no information on supraspecific relationships. 
THIELE (1924) reviewed some columbellid taxonomic 
problems, with emphasis on the radular dentition, and 
Marcus & Marcus (1962) pioneered anatomical study 
of the family. 

The Columbellidae are generally considered to occupy 
a systematic position before the Nassariidae and Buccin- 
idae, immediately after the Muricacea (Taytor & Sou, 
1962). Within the Buccinacea, the Nassariidae, Buccin- 
idae and Melongenidae are characterized by similar rad- 
ular dentition; those of the Columbellidae and Fasciolari- 
idae indicate more distant relationship within the super- 
family. 

The shell in the Columbellidae is the feature most 
responsible for erroneous assignments, as shell form in this 
family is convergent, in several genera, with that of 
other genera and families (Table 1) (Wooprine, 1964: 
246). 


Table i 
Convergence of Columbellid Shell Form 
With That of Other Families 
Columbellid Genus Family Paralleled 
Aesopus 
Mazatlania PEREBRIDAE 
Amphissa 
Astyris BUCCINIDAE 
Rhombinella 
Nitidella 
Conella OLIVIDAE 
Pyrene 
Columbella s 
Strombina Raenictoa 
Nassarina T 
Stetronepion Ve ae 
Parametaria C 
Minipyrene Sock 


As all columbellid species are based on shell types, one 
must deal, at least initially, with shell features in order to 
make concrete identifications. Shell characters of taxo- 
nomic value are overall form, type of sculpture (rather 
than its strength), shape of the aperture, and spire fea- 
tures (whorl profile, shape, depth of suture). Of occa- 
sional value are proportion of spire to body whorl and 
color pattern. Similar patterns and shell forms, however, 
often occur in several groups that are apparently not 
closely related. Columbellid shell form is, therefore, not 
completely reliable as a guide to an understanding of 
intergeneric relationships in this family. Efforts to find 
a more reliable or more conservative supplementary char- 
acter have led to the study of the radular dentition. 
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The Columbellidae is one of the few gastropod families 
clearly characterized by its radular dentition. All species 
have a stenoglossate (1-1-1) radular formula, consisting 
of a flat, thin, subrectangular, non-cuspate rachidian 
tooth, flanked on each side by a single, sigmoid, bicuspid 
or tricuspid lateral tooth. The broadness and degree of 
flexure of the laterals and the sharpness of their cusps vary 
and are useful features in distinguishing certain genera 
and in dividing the family into 2 suprageneric groups. 

In the Columbellidae the median or rachidian radular 
plate is simple, subrectangular, thin, and gently bent at 
the ends, imparting a roughly crescentic shape to it. In 
contrast to other, more typical buccinacean radular denti- 
tions the columbellid rachidian plate has no cusps. The 
lateral teeth have 2 distinct axes, essentially at right angles 
to each other. The major axis is curved (sickle-shaped) 
and has, in addition to the primary, distal cusp, 2 smaller, 
less bent, proximal cusps. When the major axis is viewed 
from the side, allowing the most complete view of the 
cusps, the minor axis projects out of the plane of view 
and is seen in a severely foreshortened aspect. It bears no 
cusps and is generally rectangular. Viewing the tooth as 
above, with only the major axis in focus, imparts a super- 
ficially flat, sigmoid appearance to it. Where possible, 
several views of the lateral radular tooth are figured. In 
the taxonomic section the “sigmoidal view” has been 
taken as the “standard view.” 
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GENERAL PHYLOGENY 


Although the earliest fossil columbellids are from the Eo- 
cene, many of the Recent genera, including Costoanachis, 
Columbella, Conella, Nitidella, and Strombina first ap- 
pear in the Miocene. 

A tentative phylogenetic arrangement with considera- 
tion of morphological similarities and sequence of appear- 
ance in time is shown in the accompanying figure (Figure 
21). The resulting pattern may provide a point of depar- 
ture for future students of columbellid evolution. Shell 
form has been used to indicate intergeneric relationships. 
Although there is a possibility that convergent characters 
have led to misconceptions about these relationships, close 
resemblance in the shell and radular morphology of two 
species should be considered an indication of affinity 
until evidence to the contrary is advanced. 

The Columbellidae appear to be divisible into 2 sub- 
families, the Columbellinae and the Pyreninae. Members 
of the Columbellinae have comparatively large, more or 
less strombiform shells. Their lateral radular teeth are 
broad and flat, with strongly flexed basal flanges (Figure 
22b). Genera with western Atlantic representatives are 
Columbella, Nitidelia, Alia, Rhombinella, Zafrona, and 
Minipyrene. Of these, Nitidella, Rhombinella, and Mini- 
pyrene are limited to the western Atlantic. Columbella 
and Zafrona are represented worldwide in tropical re- 
gions, and Alia is limited to the New World. 

The Pyreninae is a larger group and its members show 
greater diversity in shell form. Pyrenine species typically 
have narrow, fusiform shells, generally with strong axial 
sculpture. The characteristic radular dentition consists of 
a flat, thin, relatively narrow, subrectangular rachidian 
tooth, flanked by 2 sigmoid lateral teeth with 2 or 3 sharp 
distal cusps (Figure 22 a). 


(on facing page —) 


Figure 21 


Dendrogram showing the possible course of evolution in the 
Columbellidae 


Vol. 19; No. 4 


aeuryjaquinyor) 


‘ 


aeuruarkg 


Mitrella 


A OL 


Bees 


THE VELIGER Page 405 


Zafrona 


4 Nitidella en 
Columbella & 


Ne Tak Minipyrene 


HF nachis 
ial eg 
Costoanachis 


@uaesen 
ee ee 


Cigclirina 


Rhombinella 


Nassarina 


Steirone pion 
Metulella 


Strombina Gia 
ee Cosmuioconcha 


Amphissa 


(Boies | 
Decipifus 
- Aesopus 
B 
6 


[Macatlonice | 
ese 


ee” 


s 
® 
@ 
e 
® 
e 
% 
& 


anes 
/ Columbellopsis ae sl 
uae 


EOcENE 


MIocENE PLIOCENE PL. IR 


THE VELIGER 


Vol. 19; No. 4 


Page 406 
Figure 22a 
Two-thirds of a transverse radular tooth-row of a typical 
pyrenine species 


maui 


Figure 22b 


Two-thirds of a transverse radular tooth-row of a typical 
columbelline species 


The pyrenine group of Mitrella, Columbellopsis, and 
Astyris arose earlier than all other columbellid groups. 
Definitely recognizable species of Mitrella and Colum- 
bellopsis appear in the middle Eocene. In the late Oligo- 
cene or early Miocene, at about the same time that the 
Col umbellinae appear to have diverged from the Pyreni- 
nae, a second larger group diverged from the mitrelloid 
ancestral stock. This group has 3 major branches; the 
Strombina branch, apparently originating in the early 
Miocene, and the Anachis branch, arising in the middle 
Miocene. In the western Atlantic the former branch is 
represented by Strombina, Cosmioconcha, and Amphissa; 
the latter branch includes, in the western Atlantic, An- 
achis, Costoanachis, Parvanachis, Suturoglypta, Nassari- 
na, and Stetronepion. The third branch, arising slightly 
later, is that of Conella, Aesopus, Decipifus, and Mazat- 
lania. 


ECOLOGICAL INFORMATION 


Information on the ecology of the western Atlantic Co- 
lumbellidae is fragmentary and is summarized in Tables 
2 and 3. 

In most genera ecological requirements, such as depth, 
salinity, and type of substratum cut across taxonomic 
lines. 

The Columbellidae may be fairly characterized as a 
primarily shallow-water group (see Table 2). With re- 
gard to other ecological parameters, the genus Aesopus 
seems to favor sand-bottom, full salinity situations in 
water of moderate depth (10 - 60m) ; Suturoglypta com- 
prises 3 western Atlantic, sand-dwelling species, living in 
depths of 2 - 100m; Cosmioconcha species generally in- 
habit mud-bottoms at depths of 50 - 400m. Other genera 
with common ecological requirements throughout are 
those comprising few species (Nitidella, Rhombinella, 
Conella, Decipifus, Minipyrene, and Zafrona) and all 
are inhabitants of the comparatively shallow, hard-bot- 
tom, coral reef biotope. With the exception of Zafrona, 
none of these genera is represented in the coral-poor 
eastern Pacific. Nitidella lives in close association with 
living coral (RoBerTSon, 1966), whreas the remainder 
of these genera appear to prefer hard-bottom substrata 
with no particular affinity for living coral, and these are 
generally found on dead coral-rock in the Caribbean 
(Table 3). 

In contrast to the unanimity of ecological requirements 
in these genera is Costoanachis, the most diverse genus of 
the family in the western Atlantic. In this region, Costo- 
anachis is represented by 9 species, of which 3 are prima- 
rily sand-dwelling and the remaining 6 occur on rock or 
coral-rock (Table 3). Seven of these species, evenly dis- 
tributed between soft and hard bottoms, occur on the 
inner shelf (1- 20m), one occurs on the middle shelf 
(22 - 80m), and one is found on the outer shelf (81 - 200 
m). One species, Costoanachis semiplicata, survives salin- 
ities of 27 - 40%, (Parker, 1960) and one, Parvanachis 
ostreicola, lives in the hypersaline lagoons of South Texas 
(Parker, 1959). 

Being epifaunal for the most part, many columbellid 
species live in association with Sargassum, other macro- 
scopic algae, or Thalassia (turtle grass). These plants thus 
qualify as micro-substrata. 

The feeding habits of the Columbellidae are poorly 
known. Marcus « Marcus (1962) postulate that those 
species with broad lateral teeth (Columbellinae) are her- 
bivores, whereas those with narrower, more sigmoid later- 
al teeth (Pyreninae) are probably either carnivores or 
omnivores. According to Moore (1961) and RAEIHLE 
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Table 2 (1970), Mitrella ocellata, Anachis semiplicata, and A. 
lafresnayi prey on bivalves. 


Depth Preference in Western Atlantic Columbellidae 
Depth Classification — (modified after ParKER, 1960) 
Table 3 
Inner Shelf — 1 - 20m 
Costoanachis catenata (Sowerby, 1844) 
Costoanachis fenneli Radwin, 1968 
Costoanachis floridana (Rehder, 1939) 


Substrate Preference in Western Atlantic Columbellidae 


Rock, Coral Rock, and Living Coral Dwellers 


Costoanachis hotessieriana (Orbigny, 1842) 
Costoanachis scutulata (Reeve, 1859) 
Costoanachis semiplicata (Stearns, 1873) 
Parvanachis ostreicola (Sowerby, 1882) 
Parvanachis isabelle: (Orbigny, 1839) 
Columbella rusticoides Heilprin, 1887 
Columbella mercatoria (Linnaeus, 1758) 
Conella ovulata (Lamarck, 1822) 

Conella ovuloides (C. B. Adams, 1850) 
Decipifus sixaolus Olsson « McGinty, 1958 
Mazailania fulgurata (Philippi, 1836) 
Mitrella dichroa (Sowerby, 1844) 
Mitrella ocellata (Gmelin, 1791) 
Nitidella nitida (Lamarck, 1822) 
Rhombinella laevigata (Linnaeus, 1758) 


Middle Shelf — 22 - 80m 


Aesopus metcalfei (Reeve, 1860) 
Aesopus stearnsi (Tryon, 1883) 
Costoanachis avara (Say, 1821) 2 
Costoanachis sparsa (Reeve, 1859) 
Suturoglypta albella (C. B. Adams, 1845) 
Suturoglypta iontha (Ravenel, 1861) 
Suturoglypta pretri (Duclos, 1846) 
Columbellopsis nycteis (Duclos, 1846) 
Steironepion minor (C. B. Adams, 1845) 
Steironepion monilifera (Sowerby, 1844) 
Strombina pumilio (Reeve, 1859) 
Zafrona pulchella (Blainville, 1829) 


Outer Shelf - 82 - 200m 


Cosmioconcha calliglypta (Dall « Simpson, 1901) 
Parvanachis obesa (C.B. Adams, 1845) 
Costoanachis lafresnayi (Fischer & Bernardi, 1856)? 
Cosmioconcha nitens (C. B. Adams, 1850) 
Nassarina glypta (Bush, 1885) 2 

Zafrona idalina (Duclos, 1840) 


Continental Slope — 200-++ m 


Amphissa haliaeeti (Jeffreys, 1867) 
Metulella columbellata (Dall, 1889) 
Nassarina bushi Dall, 1889 

Nassarina metabrunnea Dall & Simpson, 1901 


? occurring in lesser depths in some parts of its geographical range 


Anachis lyrata (Sowerby, 1832) 
Costoanachis catenata (Sowerby, 1844) 
Costoanachis fenneli (Radwin, 1968) 
Costoanachis floridana (Rehder, 1939) 
Costoanachis hotessieriana (Orbigny, 1842) 
Costoanachis scutulata (Reeve, 1859) 
Costoanachis sparsa (Reeve, 1821) 
Columbella rusticoides Heilprin, 1887 
Columbella mercatoria (Linnaeus, 1758) 
Conella ovulata (Lamarck, 1822) 
Conella ovuloides (C. B. Adams, 1850) 
Decipifus sixaolus Olsson & McGinty, 1958 
Minipyrene dormitor (Sowerby, 1844) 
Mitrella dichroa (Sowerby, 1844) 
Mitrella ocellata (Gmelin, 1791) 
Nitidella nitida (Lamarck, 1822) 
Rhombinella laevigata (Linnaeus, 1758) 
Steironepion minor (C. B. Adams, 1845) 
Steironepion monilifera (Sowerby, 1844) 
Zafrona idalina (Duclos, 1840) 

Zafrona pulchella (Blainville, 1829) 


Sand Dwellers 


Aesopus stearnst (Tryon, 1883) 
Costoanachis avara (Say, 1821) 
Costoanachis semiplicata (Stearns, 1873) 
Costoanachis sertulariarum (Orbigny, 1839) 
Costoanachis lafresnayi (Fischer & Bernardi, 1856) 
Parvanachis isabellei (Orbigny, 1839) 
Parvanachis obesa (C. B. Adams, 1845) 2 
Suturoglypta albella (C. B. Adams, 1845) 
Suturoglypta iontha (Ravenel, 1861) 
Suturoglypta pretrt (Duclos, 1846) 
Mazailania fulgurata (Philippi, 1836) 
Columbellopsis nycteis (Duclos, 1846) 
Nassarina glypta (Bush, 1885) 
Strombina pumilio (Reeve, 1859) 


Mud Dwellers 


Parvanachis ostreicola (Sowerby, 1882) 
Cosmioconcha calliglypta (Dall & Simpson, 1901) 
Cosmioconcha nitens (C. B. Adams, 1850) 
Nassarina bushi (Dall, 1889) 

Amphissa haliaeeti (Jeffreys, 1867) 
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ZOOGEOGRAPHICAL CONSIDERATIONS 


Table 4 shows the patternsof allopatry exhibited by species 
groups in the western Atlantic and eastern Pacific. Table 
5 presents the general patterns of supraspecific distribu- 
tion in the 4 major, marine zoogeographic regions of the 
World. The columbellid fauna of the western Atlantic 
seems most closely related to that of the eastern Pacific, 
as 4 species occur in both regions and at least 4 others 


Table 4 


Western Atlantic Species 
and their Eastern Pacific Cognates 


Western Atlantic Eastern Pacific 


Anachis lyrata 
Mazatlania aciculata 
Mazatlania fulgurata 
Alia unifasciata 

Mitrella ocellata 
Steironepion melanosticta 
Aesopus sanctus 

Zafrona incerta 


‘Anachis lyrata 
Mazatlania aciculata 
Mazatlania fulgurata 
Alia unitfasciata 
Mitrella ocellata 
Steironepion monilifera 
Aesopus stearnsi 


Zafrona puchella 


Allopatric Species — Pairs in the Western Atlantic 


Costoanachis floridana — Costoanachis sertulariarum 
Costoanachis avara — Costoanachis semiplicata 
Suturoglypta iontha — Suturoglypta pretri 
Cosmioconcha calliglypta — Cosmioconcha nitens 


have eastern Pacific cognates. In addition, those western 
Atlantic genera that occur in only one other region all 
occur in the eastern Pacific. The two faunas may have 
been almost identical in certain areas during the Pliocene 
(Wooprine, 1966). Only 7 of the 20 genera occurring in 
the western Atlantic are at present absent from the eastern 
Pacific. Judging from the fossil record the Columbellidae 
probably originated in the Atlantic, as early species of 
Mitrella and Columbellopsis have been found in Europe- 
an and North American Eocene deposits. The colum- 
bellid fauna of the Indo-west Pacific has few if any ties 
with that of any other region. Except for 4 genera with 
representatives in all regions, all genera indigenous to the 
Indo-west Pacific are limited to that region. 

Data obtained in the present study suggest a small 
number of generalized species-distribution patterns (see 
Figure 23). One which occurs most frequently may be 
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Table 5 


Genus W.A3 Rabe I-P3 


Aesopus 
Alia 
Amphissa 
Anachis 
Costoanachis 


is Sy ORS OR See 
* 


Parvanachis 
Suturoglvpta 
Columbella 
Columbellopsis 
Conella 
Cosmioconcha 
Decipifus 
Mazatlania 
Metulella 
AMinipvrene 
Mitrella 
iNassarina 
Nitidella 
Rhombinella 
Stetronepion 
Strombina 


Zafrona 


Ck sees ene A Pe tot SS ok YUN Hie MS oR Sree pat ek Tie at ek om ce Jes 
* 


* * * | 


3 'W. A. — Western Atlantic 
E.R — Eastern Pacific 
I-P — Indo-West Pacific 
E. A. — Eastern Atlantic 


termed “Circum-Caribbean, north restricted” (Figure 
23: 1). Almost all species with this type of distribution 
have Palm Beach, Miami, Florida, or the northern Baha- 
mas as the northern limit of their range. Columbella mer- 
catoria ranges further north in that it has been reported 
from northeastern Florida and Bermuda; all other species 
appear to be restricted to tropical waters. This may re- 
flect the direction of flow of the prevailing currents, as 
well as the duration of the pelagic larval stage, where 
such a stage is present. The southern limit for species 
with this type of distribution is usually Tobago Island, 
and the northern coast of South America. A few species 
reach ‘Trinidad, but most bypass it entirely. The effluent 
of the Orinoco River, which distributes a large quantity 
of mud and fresh water to the area around the southern 
half of Trinidad may be responsible for this distributional 
gap. In addition, a strong current flowing from east to 
west, a major branch of the South Equatorial Current, 
enters the Caribbean Sea in the same general area. This 
might be expected to prevent distribution south and east 
to northern South America. Five species with circum- 
Caribbean distribution have more extensive southern 
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Figure 23 


Major distributional patterns in western Atlantic columbellid species 
1 —Circum-Caribbean, north restricted 
2 — Gulf of Mexico limited 
3 — Carolinian - Gulf of Mexico 


range limits. In each case, a large distributional gap is 
present between Tobago and Cape San Roque, Brazil, 
where the species reappears, the southern range limit 
varying with the species. 

“Gulf of Mexico restricted” is my designation for a 
distribution pattern shown in several species, all of which 
inhabit the Gulf of Mexico from Key West, Florida in 
southeast to southern Texas or Cape Catoche, Mexico 
in the southwest (Figure 23: 2). The South Texas limit 
for 2 of these species may be due to lack of collecting done 
on the North Mexico coast between Brownsville, Texas 
and Vera Cruz, Mexico. The ranges of these species sug- 
gest the presence of ecological factors in the Caribbean 
province that apparently prevent their southward distri- 
bution. With the exception of Columbella rusticozdes these 
factors have alsoapparently prevented distribution around 
the southern tip of Florida to southeastern Florida. It is 
difficult to understand why this species (Columbella rusti- 
coides), and no other, has reached the latter region, as 
many conditions here are generally similar to those of 
the waters of southwestern Florida. 
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A third distribution pattern includes, in addition to the 
Gulf of Mexico, part or all of the Atlantic coast of the 
United States (Figure 23: 3). Most of the species includ- 
ed here have Cape Hatteras as a northern limit, possibly 
reflecting a temperature barrier or the eastward swing 
of the Gulf Stream, carrying the warm Caribbean water 
and its planktonic larvae into the mid-Atlantic. Unfor- 
tunately, the mode of early development of most colum- 
bellids is not known, and without this information there 
is no way to ascertain: which species would have their 
distribution affected by the direction and speed of such 
currents. Two groups of species show this sort of distribu- 
tional pattern. The first includes Costoanachis avara, C. 
floridana, and Parvanachis obesa, all species occurring in 
comparatively shallow water. The second group includes 
C. lafresnayi, Aesopus stearnsi, and Nassarina glypta; 
these species occur in somewhat deeper water. The distri- 
bution of the former group includes the Atlantic coast of 
the United States to southeastern Florida with no major 
gaps. The distribution of species in the latter group in- 
cludes the south Atlantic coast of the United States from 
Cape Hatteras to South Florida and into the Gulf of 
Mexico with sizable gaps. These distributional gaps may 
be due to lack of collecting. With the exception of P obesa 
and a few isolated and questionable records, the southern 
range limits of all the above species are at Key West in 
the East and in southeastern Texas in the West. 

A single species, Costoanachis scutulata, is apparently 
endemic in the Bermuda Islands. This is one of a small 
number of molluscan forms endemic to Bermuda. 

In summary, the pattern of distribution in the Colum- 
bellidae is similar to that exhibited by other benthic, epi- 
faunal, marine invertebrate groups. Boundaries based on 
temperature, currents, and other factors delimit geograph- 
ic ranges in such areas as the Straits of Florida, the Trini- 
dad-Tobago Passage, Cape Catoche, Mexico, and southern 
Brazil. Distribution within and between species-groups is 
largely allopatric in that most species and their closest 
relatives are geographically isolated from each other. 


Throughout this paper the following abbreviations for 
museums and other depositories have been used: 


USNM_ - United States National Museum, Washing- 


ton, D. C. 

MCZ — Museum of Comparative Zoology, Harvard 
University 

ANSP — Academy of Natural Sciences, Philadelphia 

AMNH- - American Museum of Natural History, 
New York 

BM(NH) - British Museum (Natural History), Lon- 
don 
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Cjc — Collection of the Journal de Conchyliologie, 
Paris 

CLS — Collection of the Linnaean Society, London 

GM — Muséum d’Histoire Naturelle, Geneva 

WFIS — Wagner Free Institute of Science, Philadel- 

hia 

MHNP - Ngan National d’Histoire Naturelle, 
Paris 

CM — Zoological Museum, Copenhagen 

BM — Humboldt Museum, East Berlin 

NMW — National Museum of Wales, Cardiff 


A detailed list of records of specimens examined may 
be obtained from the author or from the Library of the 
San Diego Natural History Museum. 


Key to Western Atlantic Columbellid Genera 


la Aperture large, appreciably more than total shell 
length 

1b Aperture not large, } total shell length or less ..... 4 

2a Body whorl more or less shouldered, apertural lip 


SEMUQUS 23 Je ae een ea Users Columbella 
2b Body whorl not shouldered, apertural lip essential- 
ISP SOREN I NG cerca te ete reece ne oe 3 


3a Shell surface glossy, columella biplicate  Nutidella 
3b Shell surface not glossy, columella smooth Conella 
4a Interior of apertural lip markedly denticulate 5 

4b Interior of apertura! lip smooth to barely denti- 
CUA ici ee ea 14 
5a Shell surface with no distinct sculpture ............. 6 
5b Shell surface with distinct sculpture 0... 7 

6a Shell narrow and attenuated, siphonal canal well 
delineated Columbellopsis 

6b Shell not so narrow and attenuated, siphonal canal 
short (and indistinct) |). ee Mitrella 
7a Shell small to moderate in size (under 15mm) 9 
7b Shell large (over 15mm) 

8a Aperture with marked parietal callus, dorsal shell 
hump, presenti: 7 \..e2scincsee te nena Strombina 

8b Aperture with little or no parietal callus, dorsal 
shellPhumiprlackingay ee Anachis 

9a Shell tiny and obese, body whorl ventricose _....... 


ere ea Hee nL Tea aL A Parvanachis 
9b Shell not obese, body whorl not ventricose __..... 10 
10a Spire high, suture squarely incised § Suturoglypta 


10b Spire not high, suture shallow or simply impressed 11 
La Columella biplicate ecssssetenesmnes Zafrona 
11b Columella not biplicate 
12a Marked anal sinus, sculpture imparting a beaded 
CRE CE 9, Get ees oe Stezronepion 
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12b No marked anal sinus, sculpture predominantly 
AXIAL. | ud ccenaamavaenateannne se 13 
13a Siphonal canal moderately long, sculpture reti- 
Cute alice tacalaceae ea ee omen ae Nassarina 
13b Siphonal canal short, sculpture predominantly axi- 
QA aaeicieindnioy Meda eee Reena aes ne ae Costoanachis 
14a Shell surface with a definite sculptural pattern 17 
14b Shell surface with no distinct sculptural pattern 15 


{5a\Body, whorl\shouldered)) | Sassen eee Alia 
15b Body whorl convex —eeesnnee bcd ee 16 
16a Whorls markedly convex, suture impressed Astyris 
16b Whorls not markedly convex, suture shallow __....... 
sea Bere ee Rhombinella 
17a Spire very high (ca. % total shell length) _.......... 18 
17b Spire low to moderately high (4 of total shell 
length or less). 0 ii ecneineecng eee 19 


18a Marked siphonal fasciole present, sculpture of spi- 
ral rows Of Spinose NOES ——errsnsueserensre Mazatlania 
18b No marked siphonal fasciole present, axial sculp- 


ture with few, if any, spiral elements Aesopus 
19a Sculpture strongly reticulate  cecesscsesmeneenener 20 
19b Sculpture entirely spiral  cececcssusemesesnseeeteen 21 
20a Shell minute (under 6mm) — eeacennen Decipifus 
20b Shell not minute (over 10mm) — .....non Amphissa 


21a Spiral subsutural groove, other sculpture erratic 
Cosmioconcha 


SYSTEMATIC TREATMENT 


NEOGASTROPODA 


BuccINACEA 


CoLUMBELLDAE Swainson, 1840 


Diagnosis: Shell small to moderately large (2 -40mm), 
fusiform or biconic; spire high and acute (Mazatlania, 
Columbellopsis) to low and subacute (Nitidella) ; spire 
whorls moderately convex with suture shallow, impressed, 
or incised; body whorl small (Aesopus) to large (Niti- 
della) ; apertural lip generally thickened and denticulate 
on inner surface; columella smooth or denticulate, rarely 
with two weak plicae (Zafrona, Nitidella); siphonal canal 
generally very short; rarely moderately long (Strombina, 
Nassarina) ; sculpture lacking or with spiral and axial 
elements. 

Radula with 3 teeth in each transverse row; median 
tooth flat, subrectangular with no cusps or denticles, 
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Figure 1: Minipyrene dormitor (Sowerby,1844); no reliable locality; USNM 64385 
Figure 2: Zafrona idalina (Duclos, 1840); Buccoo Reef, Tobago, West Indies. USNM 682238 
Figure 3: Zafrona isomella (Duclos, 1840) ; Waikiki, Oahu, Hawaiian Islands. USNM 612341 
Figure 4: Zafrona pulchella (Blainville, 1829); St. Thomas, Virgin Islands. USNM 530247 
Figure 5: Columbella mercatoria (Linnaeus, 1758); Esperanza, northwestern Cuba. USNM 415970 
Figure 6: Rhombinella laevigata (Linnaeus, 1758); Anse 4 Cochon, Haiti. USNM 415967 
Figure 7: Rhombinella laevigata hendersonii (Dall, 1905); Ensenada de Cochinos, Cuba. USNM 111044 
Figure 8: Nitidella nitida (Lamarck, 1822); Buccoo Reef, Tobago, West Indies. USNM 663032 
Figure 9: Columbella rusticoides Heilprin, 1887; Wilson’s Beach, St. Teresa, Franklin County, Florida. 
USNM 670171 
Figure 10: Alia unifasciata (Sowerby, 1832) ; Rio de Janeiro, Brazil. USNM 18240 
Figure 11: Alia carinata (Hinds, 1844); near Fort Point, San Francisco, California. USNM 173361 
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flanked by two strongly sigmoid (Pyreninae) to almost 
rectangular (Columbellinae) lateral teeth bearing 2 or 
3 sharp cusps along one edge. Type genus: Columbella 
Lamarck, 1799. 


Columbellinae Swainson, 1840 


Shell moderate to large (7 - 30mm), stromboid or con- 
oid; spire low to moderately high, subacute; spire whorls 
varying from almost flat-sided to moderately convex; body 
whorl large, aperture long and narrow, to wide with 
strong denticulation on inner surface of apertural lip; 
siphonal canal short; sculpture lacking or consisting pri- 
marily of strong spiral cords; median radular tooth flat, 
broad and subrectangular, with no cusps, or denticles; 
flanked by two broad, distally bi- or tri-cuspid laterals 
(Figure 22b). 


Alia H. & A. Adams, 1853 


Columbella (Alia) H. * A. Adams, 1853. Gen. Rec. Moil.: 
183 (type species by SD [Cossmann, 1901, Ess. Paléo. 
Comp. 4: 293], Columbella carinata Hinds, 1844). (see 
Figure 17) 


Shell small (6 - 12mm), heavy, columbelloid; spire mod- 
erately high, acute, whorls convex, suture shallow; body 
whorl large, carinate, aperture narrow, outer lip thicken- 
ed, commonly denticulate interiorly, siphonal canal short, 
columella straight and commonly nondenticulate; sculp- 
ture lacking, or consisting of weak axial riblets on body 
whorl; color, yellow to chestnut brown, usually a solid 
ground color with a single, subsutural band of contrasting 
color; radula with a single, subrectangular median tooth 
flanked by two broad, flat, bicuspid laterals. 


Remarks: In shell form Alia closely resembles Astyris, a 
genus with very variable shell proportion and sculpture. 
Alia differs, however, in having a heavy carinate shell, 
whereas the shell of Astyris is generally thin and fragile 
and rarely carinate. In addition, the radula of Astyris 
has typically pyrenine narrow, sigmoid lateral teeth, much 
as in Mitrella and Anachis. This is in striking contrast to 
the distinctly columbelline laterals of Alia (Figure /3). 

There are at present only 2 species assigned to this 
genus, Alia carinata (Hinds, 1844), from the eastern Pa- 
cific, and A. unifasciata (Sowerby, 1832), ranging from 
Rio de Janeiro on the Atlantic coast of South America 
around the southern end of South America to Peru on the 
Pacific Coast. 
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Alia unifasciata (Sowerby, 1832) 


(Figure 10) 

Columbella unifasciata Sowerby, 1832. Comm. Sci. Corr. Proc. 
Zool. Soc. London 2: 114 (Valparaiso, Chile; holotype, 
BM[NH] 1967.9.41) 

Columbella unicolor Sowerby, 1832. Comm. Sci. Corr. Proc. 
Zool. Soc. London 2: 119 (Galapagos Islands; holotype 


BM[NH]) 
Columbella unizonalis Gray, 1839. Zool. Capt. Beechey’s Vo- 
yage: 129 (Arica, Peru; holotype BM[NH]) 


Description: Shell moderate in size (8 - 12mm), colum- 
belloid; spire moderately high (about 4 total shell length), 
acute, whorls barely convex, suture shallow; body whorl 
somewhat shouldered and strong, aperture wide, aper- 
tural lip straightly thickened and weakly denticulate on 
its inner surface; columella almost straight, weakly den- 
ticulate, siphonal canal curved; sculpture usually lacking, 
color chestnut brown or darker with or without a single 
white spiral band above middle of body whorl; each radu- 
lar row consists of a flat, subrectangular median tooth, 
flanked on each side by a single short, stout sigmoid lateral 
(Figure 7). 

No fossil examples of this species have been located. 
Alia carinata, the type species of Alia, has been reported 
from the Pliocene of Santa Barbara and Ventura Coun- 
ties, California, and from the Pleistocene of Los Angeles 
and San Diego Counties, California, and of Magdalena 
Bay, Baja California, Mexico (GRANT & GALE, 1931: 693). 


Range: Although more prevalent on the Pacific coast 
of South America, with an apparent range from Callao, 
Peru, to the Straits of Magellan, a specimen from Rio de 
Janeiro, Brazil served as the basis of Columbella castanea 
Gould, 1851, a junior synonym. In addition, STREBEL 
(1905) and CarceLtes (1950) have reported it from 
southern Argentina. 


Columbella Lamarck, 1799 


Columbella Lamarck, 1799. Mém. Soc. Hist. Nat. Paris 1: 70 
(type species by M, Voluta mercatoria Linnaeus, 1758) 

Columbus Montfort, 1810. Conch. Syst. 2: 590 - 592, objec- 
tive synonym of Columbella 

Perwstera Rafinesque, 1815. Anal. Nat. Tab. Univ. Corps Org.: 
145, objective synonym of Columbelia 

Colombella Duclos, 1840. Hist. Nat. Gén. Part., genre Colom- 
belle, error for Columbella 

Pterygia Wenz, 1941. Handb. Palaozool. 6 (5): 1149 - 1150 
(non-Réding, 1798). (type species by OD, P glabella 
[Gmelin, 1791]) 
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Shell moderate-sized (10 - 30mm), stout; spire low, sub- 
acute, whorls convex, suture impressed ; body whorl large, 
strongly shouldered, apertural lip strongly denticulate; 
aperture long, narrow, slightly sigmoid, siphonal canal 
short; sculpture of prominent spiral cords or entirely 
lacking. Each radular tooth-row consists of a flat, sub- 
rectangular median tooth flanked by two rectangular, bi- 
cuspid lateral teeth with long, thin proximal keels. 


Remarks: Columbella s. s. differs from Pyrene in gener- 
ally having a shouldered body whorl, a tapering spire, 
and broader lateral teeth. Diagnostic features of Pyrene 
are its unshouldered body whorl and the terraced effect 
imparted to the upper spire by the sinuous profiles of the 
whorls. 


Columbella mercatoria (Linnaeus, 1758) 
(Figure 5) 


Voluta mercatoria Linnaeus, 1758. Syst. Nat. Ed 10: 730 
(“In M. Mediterraneo” [here restricted to Mayaguez, 
Puerto Rico]; holotype, CLS) 

Columbella variabilis Schumacher, 1817. Ess. Nouv. Syst. Ha- 
bit. Vers Test.: 245 (type locality not specified; holo- 
type CM) 

Columbella peleet Kiener, 1841. Spéc. Gén. Icon. Cog. Viv. 
2: 24 - 25; plt. V, fig. 2 (Martinique; holotype, MHNP) 

Columbella fustigata Kiener, 1841. Spéc. Gén. Icon. Coq. Viv. 
2: 20-21; plt. V, fig. 3 (Iles des Saintes, F W. I.; holo- 
type, MHNP) 

Columbella rudis Sowerby, 1844. Proc. Zool. Soc. London: 
48 (Nevis, B. W. I.; holotype, BM[NH]) 

Columbella dysoni Reeve, 1859. Conch. Icon. Columbella: fig. 
92 (Honduras; holotype, BM[NH]) 

Columbella somersiana Dall ® Bartsch, 1911. Proc. U. S. Nat. 
Mus. 40: 278; plt. 35, fig. 2 (Bermuda; holotype, “Ber- 
muda Museum”) 

Columbella mercatoria elongata Usticke, 1959. Checkl. Mar. 
Shells St. Croix: 65 (Altona Bay, St. Croix, Virgin Is- 
lands; holotype, Usticke Collection) 


Shell stout, moderately large (12-22mm); spire low, 
subacute, whorls moderately convex and shouldered ; body 
whorl large, shouldered, aperture narrow, sigmoid; aper- 
tural lip thickened and denticulate, columella straight and 
denticulate, siphonal canal straight and very short; sculp- 
ture of prominent, closely spaced, spiral cords; variable, 
brown or buff ground color with varying numbers of spiral 
bands of white, red and blue spots overlaying its transverse 
cords. Each radular row consists of a wide, flat, subrec- 
tangular median tooth flanked by 2 L-shaped, bicuspid 


lateral teeth (Figure 16). Each of the latter bears a 
sharp distal cusp, a flat-ended medial cusp, and a long-flat 
proximal keel. 


Remarks: The great variability in details of the shell 
form and sculpture has caused the introduction of a 
large number of junior synonyms. Columbella somersiana 
was named for a large juvenile specimen and C. merca- 
toria elongata for an unusually elongate individual. 

This species is ubiquitous in areas of turtle-grass (Tha- 
lassia testudinum) and also on or under coral-rock slabs. 

Athough known unequivocally from no earlier than the 
Pleistocene (WeIsBorD, 1962), this species or its direct 
progenitor first appears in the middle Miocene as Co- 
lumbella submercatoria Olsson, 1922, later suggested to be 
a subspecies of C. mercatoria (Wooprine, 1928: 271). 


Range: This species has a typical circum-Caribbean 
distribution (see Figure 23) except that its incidence is 
more uniform than all but a few species and that its 
northern (Bermuda, Mayport, Florida) and southern (Rio 
de Janeiro, Brazil) range limits are more geographically 
extreme. 


Columbella rusticoides Heilprin, 1887 
(Figure 9) 


Columbella rusticoides Heilprin, 1887. Trans. Wagner Fr. Inst. 
Sci. 1 (1): 81; plt. 8, fig. 9 (below Ft. Thompson, Fla.; 
holotype, WFIS) 


Shell stout, large (15- 20mm); spire moderately high, 
acute, whorls convex and shouldered, suture impressed; 
body whorl large and roundly shouldered; aperture nar- 
row, sigmoid, apertural lip thickened and denticulate on 
inner surface, more strongly so medially, columella 
straight, denticulate on anterior half, siphonal canal 
straight, very short; sculpture commonly lacking except 
for a few spiral striae at base of body whorl, color white 
or buff with various patterns of axial brown flammula- 
tions. Each radular row has a wide, flat subrectangular 
median tooth, flanked by 2 L-shaped bicuspid lateral 
teeth; each lateral bears a sharp distal cusp, a flat-ended 
medial cusp and a long flat proximal keel (Figure /4). 


Remarks: ‘This species, considered by many to be a vari- 
ety of Columbella mercatoria, is here considered a dis- 
tinct, well-marked species. It may be distinguished from 
C. mercatoria on the following bases: 
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Columbella mercatoria Columbella rusticoides 


Spire moderately high 
Body whorl less strongly 
shouldered shouldered 
Sculpture of numerous Sculpture largely lacking 

prominent spiral cords 


Spire moderately low 
Body whorl strongly 


Distribution Bermuda — Biscayne Bay, Florida — N. 
Florida — Rio de W. Cuba-Gulf coast 
Janeiro of Northern Florida 


The earliest record of Columbella rusticoides is the 
original report (Hemprin, 1887), in which a Pliocene 
age is given. 


Range: The unusual distribution pattern of this species 
extends from Biscayne Bay, Florida, around Cape Sable 
and north along the western coast of Florida to Cape San 
Blas, and south to the northwestern corner of Cuba. 


Minipyrene Coomans, 1967 
(Figure /) 


Minipyrene Coomans, 1967. Beaufortia 14 (168): 71-80 
(type species by OD, Columbella dormitor Sowerby, 
1844) 


Remarks: The status of this genus, as well as the place- 
ment of Columbella dormitor must, in my opinion, remain 
in question until more information concerning the radular 
dentition, general anatomy, ecology and zoogeography of 
C. dormitor becomes available. Minipyrene probably be- 
longs near Columbella s. s., but its distinctness is open to 
question pending availability of additional data. 

Very little is known about Columella dormitor. No 
fossil examples are known to me. 


Range: The type locality of Columbella dormitor Sower- 
by, 1844 is St. Vincent, Lesser Antilles. The type locality 
of C. purpurascens C. B. Adams, 1845, a junior synonym, 
is Jamaica. According to Coomans (1967: 75) 3 speci- 
mens have been reported from Curagao, Netherlands An- 
tilles. Coomans assumes from this scanty evidence that C. 
dormitor inhabits deeper water in the southern Carib- 
bean. I have seen no reliably localized specimens. 


Nitidella Swainson, 1840 


Nitidella Swainson, 1840. Treat. Malac.: 313 (type species 
by M, Nitidella marmorata Swainson, 1840 (= Colum- 
bella nitida Lamarck, 1822) 
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Pardalina Jousseaume, 1888. Mém. Soc. Zool. France 1: 177 
(non Gray, 1847), objective synonym of Nitidella 


Shell large (11-15mm), cylindroconical; spire low 
(about i total shell length), whorls fiat-sided, suture very 
shallow; body whorl large, cylindrical, unshouldered, ap- 
erture long, narrow, apertural lip denticulate on inner 
surface, columella straight, weakly biplicate, siphonal 
canal short; shell surface smooth, glossy, cinnamon-brown 
with white punctations. Protoconch of 14 glassy, brown 
volutions. Each radular row has a flat, subrectangular 
median tooth flanked by 2 heavy, rectangular lateral teeth 
with a sharp distal cusp, a blunt medial cusp, and a long, 
flat proximal keel. 


Remarks: ‘This monotypic genus is limited to the west- 
ern Atlantic. The systematic positions of Mitrella ocellata 
Gmelin, M. dichroa Sowerby, and Rhombinella laevigata 
Linnaeus, 3 species sometimes assigned to Nitidella, are 
quite distinct. 

This genus first appears in the mid-Miocene of the 
Dominican Republic, with the appearance of Nitidella 
cibaotca (Maury, 1917). 


Nitidella nitida (Lamarck, 1822) 
(Figure 2) 


Columbella nitida Lamarck, 1822. Hist. Nat. Anim. s. Vert. 
7: 295 (“Les Mers des Antilles” [here restricted to Port 
Royal, Jamaica]; holotype, GM) 

Voluta gracilis Dillwyn, 1823. Ind. Lister “Hist. Conchyl.”: 27 
(type locality not specified; holotype. NMW) 

Columbella nitidula Sowerby, 1824. Gen. Rec. Foss. Shells 9: 
no pagination (type locality not specified; holotype not 
located) 

Nitidella marmorata Swainson, 1840. Treat. Malac.: 151, 
nom. nov. for Columbella nitida Lamarck, 1822 


Shell large (11-15mm), cylindroconical; spire low (4 
total shell length), subacute, whorls fiat-sided, suture 
very shallow; body whorl large, cylindrical, aperture long 
and narrow, outer apertural lip barely thickened, marked- 
ly denticulate internally, inflexed along its edge. Colu- 
mella straight, weakly biplicate; siphonal canal very short. 

Each radular row has a flat, broad, subrectangular 
median tooth, flanked by 2 flat, broad, bicuspid lateral 
teeth (Figure 18). 

The distal cusp of each lateral tooth is sharp, the more 
proximal cusp is blunt, and there is a long, flat proximal 
keel. 


Remarks: This species is Columbella nitidula Sowerby, 
1824. The identity of Buccinum nitidulum Linnaeus is 
unclear; as Pace (1902) observes: “sp. indet.” 
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Nitidella nitida is a remarkably ubiquitous species, dis- 
tributed throughout the Caribbean wherever coral reefs 
occur. The exact nature of this association has not been 
determined but is clearly a close one (RoBERTSON, 1966). 

As in the case of Columbella mercatoria, taxonomic 
determinations will decide the geological range of this 
species. Good evidence exists for its presence in the Pleis- 
tocene of Venezuela (WEISBoRD, 1962). Very similar 
forms have been reported from the Miocene of Limon, 
Costa Rica and of Hispaniola. If these 2 forms (the for- 
mer one is apparently unnamed and the latter is Notidella 
cibaoica Maury, 1917) are considered conspecific with 
the Recent species, its geological range will be extended 
back to the Miocene. 


Range: ‘The geographical range of Netzdella nitida re- 
sembles that of Columbella mercatoria, extending north- 
ward to Bermuda, westward to Yucatan and Central 
America, and southward to Tobago. As in the case of 
other species with extensive southern ranges the distribu- 
tion of this species ends at Tobago and reappears in the 
Cape San Roque area of Brazil. As with C. mercatoria 
the southern range limit of N. nitida is Rio de Janeiro, 
Brazil. 


Rhombinella Radwin, 1968 


Rhombinella Radwin, 1968. Proc. Biol. Soc. Wash. 81: 143 
(type species by OD, Buccinum laevigatum Linnaeus, 
1758) 


Shell moderately large (12- 20mm), buccinoid; spire 
acute, moderately high, 5 convex whorls exclusive of 
protoconch, suture impressed; body whorl inflated, un- 
shouldered, aperture long, broad, apertural lip usually 
unthickened, non-denticulate on inner surface, shallow 
anal notch present; shell surface smooth with dull, buff 
periostracum, color ivory to buff with broad spiral bands 
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of axial red and brown flammules of variable strength 
and combination. Each radular row has a broad, flat 
subrectangular rachidian tooth flanked by heavy, broadly 
sigmoid lateral teeth. Each of the latter bears 2 large 
cusps with 5 to 7 smaller denticles appended to the more 
proximal cusp and a broad, flat, proximal keel. 


Remarks: ‘The type species of the monotypic genus has 
generally been assigned to Nitidella. The shell of Rhombi- 
nella has a broadly open aperture with a non-denticulate 
apertural lip, a smooth columella, a moderately high spire 
with a moderately impressed suture. The lateral radular 
tooth of Rhombinella is very broadly sigmoid with 5 - 7 
denticles on the medial cusp. 

The shell of Nitidella has a long, narrow aperture, 
with a strongly denticulate apertural lip, a weakly bi- 
plicate columella, a low spire and a shallow suture. The 
lateral radular tooth is narrower than in Rhombinella 
laevigata and lacks denticles on medial cusps. 


Rhombinella laevigata (Linnaeus, 1758) 
(Figures 6, 7) 


Buccinum laevigatum Linnaeus, 1758. Syst. Nat., Ed. 10, 1: 
471 (“in M. Mediterraneo” [here restricted to Guayan- 
illa, Puerto Rico]; holotype, CLS) 

Columbella concinna Sowerby, 1824. Gen. Rec. Foss. Shells: 
no pagination (type locality not specified; holotype not 
located ) 

Columbella alaperdicis Reeve, 1859. Conch. Icon. Columbella, 
fig. 145 (type locality not specified; holotype, BM[NH]) 


Shell large (12 - 20mm), bucciniform; spire moderately 
high (slightly less than 4 total shell length), acute, whorls 
convex, shouldered, suture impressed, body whorl large, 
inflated, aperture broadly open, apertural lip unthickened, 
non-denticulate within; columella straight, smooth, ante- 
rior canal very short, weak anal canal present; sculpture 
generally lacking, color variable, usually straw, with red, 


Explanation of Figures 12 to 20 


Figure 12: Alia unifasciata, rachidian and two views of a lateral 
tooth 

Figure 13: Alia carinata, rachidian and two views of a lateral tooth 
Figure 14: Columbella rusticoides, rachidian and two views of a 
lateral tooth 

Figure 15: Zafrona pulchella, rachidian and two views of a lateral 
tooth 


Figure 16: Columbella mercatoria, rachidian and two views of a 
lateral tooth 

Figure 17: Zafrona idalina, two views of a lateral tooth 

Figure 18: Nitidella nitida, rachidian and two views of a lateral 
tooth 

Figure 19: Zafrona idalina, rachidian and two views of a lateral 
tooth 

Figure 20: Rhombinella laevigata hendersonii, lateral radular tooth 
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orange and brown axial flammulations in various patterns 
of spiral banding. Each radular row has a flat, subrectan- 
gular median tooth, and a pair of heavy, broad, flat 
laterals. Each lateral tooth bears 2 cusps and 5 to 7 small 
denticles (Figure 24). 


Figure 24 


Rhombinella laevigata 
rachidian and two views of a lateral radular tooth 


Remarks: This is the only species at present assigned to 
Rhombinella. Nitidella laevigata hendersoni Dall, 1908 
(holotype, USNM 111044) differs from the typical form 
in having a consistently higher spire, a less inflated body 
whorl, a smaller number (5 instead of 7) of denticles on 
its lateral radular teeth (Figure 20), and a more restric- 
ted geographical range. Without more extensive study of 
the significance of these characters to the existence of the 
animal it would be premature to reach any decision con- 
cerning the validity of this form as a distinct biological 
entity. 

This widely distributed Caribbean species is not known 
from any earlier than the Pleistocene of Venezuela (WEIs- 
BORD, 1962). Considering its wide distribution and its 
common occurrence in the southern Caribbean, it might 
be expected to have a more extensive fossil record. Never- 
theless, no earlier fossil examples have been found. 


Range: Although known from as far north as Bermuda 
and Vera Cruz, Mexico, this species appears to be most 
prevalent in the central and southern Caribbean from 
Cuba, along the Antillean Arc to Venezuela. 


Zafrona Iredale, 1916 


Zafrona Iredale, 1916. Proc. Malacol. Soc. London 12 (1): 
32 (type species by OD, Columbella isomella Duclos, 
1840). (see Figure 5) 

Metanachis Thiele, 1924. Arch. f. Molluskenk. 56: 207 (type 
species by OD, Columbella jaspidea Sowerby, 1844) 
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Shell moderate in size (10 - 20mm); spire high (4 total 
shell length), whorls convex, suture impressed; aperture 
moderately long, broad, apertural lip thickened, non- 
denticulate on inner surface, columella straight, non- 
denticulate, weakly biplicate, siphonal canal straight, very 
short; shell surface glossy, sculpture with low, often e- 
phemeral axial ribs, crossed in some species by finer spiral 
threads, color pattern variable, ranging from entirely 
white to white and brown or orange anastomosing blot- 
ches. Each radular row has a broad, flat, subrectangular 
median tooth, flanked by 2 broad, thick, flat, lateral teeth, 


bearing 2 or 3 cusps distally and a long thin proximal 
keel. 


Remarks: The shell of Zafrona may be distinguished 
from Anachis or Mitrella by the following features: 
1) species of Zafrona have 2 weak columellar plaits, 
lacking in Anachis and Mitrella; 2) the radular denti- 
tion of Zafrona with its wide medial tooth and its heavy, 
broad lateral teeth, allies this genus to the Columbellinae, 
whereas species of Anachis and Mitrella have pyrenine 
radular dentition; 3) the center of the apertural lip 
“overhangs” the aperture slightly. 

In many species of Zafrona most populations contain a 
certain percentage of specimens with a banded color form 
consisting of typical coloration overlaid by one or more 
spiral brown or orange bands on each whorl. 


Zafrona idalina (Duclos, 1840) 
(Figure 2) 


Colombella idalina Duclos, 1840. Hist. Nat. Gén. Part-, genre 
Colombelle, plt. 9, figs. 5-6 (here restricted to Needham 
Point, Barbados; representation of lectotype, Ductos, 
1840: plt. 9, figs. 5 - 6) 

Colombella sagra Orbigny, 1842. (in: Sacra) Hist. Phys. 
Polit. Nat. Cuba, plt. 21: figs. 28 - 30 (Guadeloupe; holo- 


type, BM[NH]) 


Shell small (5-8mm), subfusiform; spire moderately 
high, acute, whorls convex, suture shallow; body whorl 
large, aperture broad, apertural lip thickened and weakly 
denticulate on inner surface, columella slightly bent, 
bearing 2 plaits, siphonal canal short, slightly bent; sculp- 
ture lacking or composed of weak axial ripples on the 
spire whorls, color white, suffused with pink on the early 
whorls. In many specimens there is a prominent spiral 
band of irregular white spots above the suture. Each rad- 
ular row has a wide, flat, subrectangular median tooth, 
flanked by 2 flattened tricuspid lateral teeth; distal cusp 
sharp, proximal one blunt (Figures 17, 18). 
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Remarks: This species has been placed in Mitrella and 
Astyris because it generally has a smooth shell surface. 
Its present placement in Zafrona is made on the basis of 
the overall shape of the shell, the unusual overhanging 
aspect of the apertural lip, the presence of 2 weak colu- 
mellar plaits and its radular dentition. 

Zafrona idalina may be distinguished from Z. pulchella 
in possessing 3 distinct cusps on the lateral radular teeth; 
in Z. pulchella, the 2 more proximal cusps are generally 
fused; and by its distinctive color pattern of white body 
whorl, spire whorls suffused with pink and spiral rows of 
white spots. 

No fossil examples of this species have been found by 
the author. 


Range: The northernmost record of this species is from 
the southern Bahamas and its most southern record is 
from Bahia, Brazil. 


Zafrona pulchella (Blainville, 1829) 
(Figure 4) 


Buccinum pulchellum Blainville, 1829. Faune Frang.: 178-179; 
plt. 7, fig. 4 (“Mar Mediterraneo”, here restricted to 
Water Island, St. Thomas; holotype not located) 

Columbella subcostulata C. B. Adams, 1845. Proc. Bost. Soc. 
Nat. Hist. 2: 2 (Jamaica; lectotype, MCZ 186039) 

Nitidella moleculina dicomata Dall, 1889. Bull. Mus. Comp. 
Zool. 18: 189 (Key West, Fla.; holotype, USNM 53773) 


Shell small (7 - 10mm) ; spire high (slightly over 4 total 
shell length), acute, whorls convex, suture impressed, 
body whorl moderately large, aperture broad, apertural 
lip slightly thickened, denticulate on inner surface, curled 
inward along margin; columella straight, weakly bipli- 
cate, siphonal canal short, straight; sculpture of low axial 
riblets crossed by numerous fine, shallow spiral grooves 
crowded immediately below suture; color varying from 
completely white to white with anastomosing orange- 
brown blotches. Each radular row has a flat, subrectangu- 
lar median tooth, flanked by 2 broad, flat lateral teeth 
(Figure 15). Laterals distally bicuspid, the more proximal 
cusps generally unequally bifurcated. 


Remarks: Despite Blainville’s erroneous locality indica- 
tion (Mediterranean), his figure is definitely of this com- 
mon Caribbean columbellid species. 

The shell of Zafrona pulchella is very variable. Distinct 
forms, differing widely in sculpture, color pattern, and 
shell proportions may be found at various points through- 
out its range. However, these forms grade almost imper- 
ceptibly one into the next. 


Marcus & Marcus (1964) have investigated the bio- 
logy, morphology, and anatomy of “Anachis pulchella 
Blainville.” I have not been able to obtain specimens of 
the species they had, but from the shell and radula they 
figured it appears that the species treated is not Zafrona 
pulchella (Blainville). The radular dentition of the form 
they studied appears to be that of a species of Costo- 
anachis. 

Although reported under this name from no earlier 
than the Pleistocene of Panama (BRown & Prispry, 1913), 
this species is apparently also represented in the Miocene 
of Limén, Costa Rica. An unnamed form from there, if 
determined to be conspecific with the Recent species, 
would extend its geological age back to the Miocene. 


Range: With the northern Bahamas and southeastern 
Florida as northern range limits and Trinidad and Pan- 
ama as southern range limits in the East and West, the 
distribution of Zafrona pulchella would seem to be a 
rather restricted example of the circum-Caribbean type. 
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On a Pleurobranchid from the Mediterranean 
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Caixa Postal 6994, 01000 Sao Paulo, Brasil 


(1 Plate; 7 Text figures) 


Proressor ALEXANDER BarasH, of Tel Aviv, asked me to 
classify two specimens of an enigmatic gastropod from 
the coast of Israel. Because of their uncovered shell, they 
had been identified provisionally as the prosobranch Velu- 
tina. However, their anatomy revealed them to be notaspi- 
dean opisthobranchs of the family Pleurobranchidae. The 
only genus in the order Notaspidea with the mantle open, 
exposing part of the shell, is Gymnotoplax Pilsbry (1896: 
190, 210). 


Gymnotoplax Pilsbry, 1896 


Diagnosis: Pleurobranchids, whose shell is only partly 
covered by the mantle. 


Type species: Pleurobranchus americanus Verrill, 1885: 429; 
pit. 44, fig. 13; Prrspry, 1896: 190, 210; plt. 74, fig. 91; 
Ture, 1931: 418; Opuner, 1968: 851 


Purspry (1896) states the perforated mantle is diag- 
nostic of the genus, and describes this condition in Gymno- 
toplax americanus, but not in the second species he placed 
in the genus, G. martensi Pilsbry, 1896 (nom. nov. for 
the pre-occupied Pleurobranchus scutatus von Martens, 
1880). 

The generic and specific status of Gymnotoplax mar- 
tensi is questionable. The description and figures in Pits- 
Bry (1896: 211; plt. 48, figs. 34 and 35) are not de- 
tailed enough to decide whether G. martensi has a mantle 
aperture. Vayssibre (1898: 297 - 299) re-examined the 
three original specimens of Mobius’ material and re- 
described them. In two the mantle was torn, in one along 
the left side, in the other (fig. 44) on the right side. This 


figure is very different from his figure 4 (plt. 18) of 
“Bouvieria scutata’” (von Martens, 1880), which corre- 
sponds to Pilsbry’s figure 35, and is evidently damaged. 
I think that G. martenst, of which only the three speci- 
mens of Mobius’ 1874 collection are known, must be con- 
sidered a species dubia. 

Gymnotoplax has been variously accepted by later 
authors. Pruvot-For (1954: 218) had supposed that 
Pilsbry’s genus was probably founded on a mutilated spec- 
imen, while ABpott (1949: 73) had considered it suffi- 
ciently distinct to be valid. However, Assorr (1974: 347; 
figs. 4189, 4191) allotted Berthellina to Gymnotoplax 
and listed 4 North American species under this name. He 
did not mention the diagnostic uncovered shell, which 
does not occur in Berthellina. BertscuH (1975: 105) 
correctly criticized the generic placement of B. quadri- 
dens (Morch, 1863) and B. engeli Gardiner, 1936. The 
two genera are distinct and should not be synonymized. 

The genus Gymnotoplax can be separated readily from 
other species of pleurobranchids. Macnae’s key of the 
Pleurobranchidae (1962: 168) is very similar to that of 
Pitssry (1896: 191). Neither Macnae nor Burn (1962: 
130 - 131) mention Gymnotoplax as they treat only their 
local fauna. In Burn’s key the present animals fit into the 
Pleurobranchinae with a tuberculate gill rhachis and a 
pedal gland. Burn’s first alternative with a small shell, 
Pleurobranchus, can be excluded. His third alternative, 
Susania, has a very small, if any, shell. The second, Osca- 
nius, is similar in having a large shell, single denticle on 
the inner radular teeth, and a separation of the genital 
apertures by fleshy folds; however, the mantle not larger 
than the foot is incompatible with Gymnotoplax. Most 
importantly, the wide mantle aperture over the shell oc- 
curs only in Pilsbry’s genus, Gymnotoplax. 
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Gymnotoplax barashi Eveline Marcus, spec. nov. 


Diagnosis: Pleurobranchidae, Pleurobranchinae with 
wide aperture of the mantle over the shell. The shell is 
almost as big as the notum. 


Material: Mediterranean, Haifa Bay, 46m, mud, sand. 
11 June 1975; M. Tom, leg.; no. TAU 83 B3: 2 speci- 
mens. 

Description: The largest animal is preserved 14mm 
long, 15mm wide, and 9mm high, the second (Figures 1, 


Figure 1 
Gymnotoplax barashi Eveline Marcus, spec. nov. 
Dorsal view of preserved 11mm specimen 


Figure 2 


Gymnotoplax barashi Eveline Marcus, spec. nov. 
Ventral view of preserved 11mm specimen 
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2) measures 11mm long, 12mm broad, and 6mm high. 
The notum stands out all over the head and foot, it is 
hardly notched over the rhinophores; its free outer border 
is about 4mm wide. It is beset with flat knobs. There is 
a wide aperture, 10mm long and 8mm broad, over the 
shell in the large snail, 8mm long and 7mm broad in the 
small one (Figure 1). The foot, notched in front, is 12 
mm long and 9mm broad in the big animal. The pedal 
gland at its hind end (Figure 2) is 2.0 X 2.0mm in the 
big, 3.5 X 1.5mm in the small snail. 

The shell (Figure 3), 14mm long, 11mm broad in the 
largest animal, has a thin, shattered calcareous layer with 
distinct growth lines and a colourless periostracum. The 
protoconch is slightly bent downward. There are no spic- 
ules preserved. 


Figure 3 


Gymnotoplax barashi Eveline Marcus, spec. nov. 
Shell of 14mm specimen 


The notum is whitish and has a network of brown 
pigment around the knobs and on its border (Figure 1). 
The hyponotum is transparent, the foot, light brown. The 
rolled brown rhinophores (Figure 4) lie close together, 


Figure 4 
Gymnotoplax barashi Eveline Marcus, spec. nov. 
Frontal view of head 
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the furrow on their outer side and the inner side of the 
strong, grooved tentacular flaps are white; the veil be- 
tween them is light brown. 

The gill has about 22 pinnules on either side. On the 
rhachis between them stand alternating knobs. The bran- 
chial membrane fastens about half the pinnules. The anal 
opening lies just in front of it. 
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have a basal denticle on the outer side. The teeth increase 
in length outwards. 

As I did not want to damage the second specimen, I 
did not succeed in dissecting the details of the inner repro- 
ductive organs. 

This species is named in honor of our old friend, Pro- 
fessor Alexander Barash, Tel Aviv, to whom I extend my 
sincere thanks for the very interesting specimens. 


Figure 5 


Gymnotoplax barashi Eveline Marcus, spec. nov. 
Outer part of reproductive organs 


The outer genital organs (Figure 5) are extruded in 
both specimens. The long, slender, extruded penis is sur- 
rounded by an everted atrium which is continued into 3 
lappets. These connect the male and female apertures. 

The pharynx is small. The jaw plates are delicate and 
composed of platelets with 1 to 4 points (Figure 6). The 
radula (Figure 7) measures 2.2 X 1.6mm. It has about 
40 rows with 100 teeth per half-row. The innermost teeth 


Discussion: The present species differs from the geo- 
graphically nearest one, Gymnotoplax martensi, from 
Fouquets, Mauritius, by a straight anterior border of the 
notum, against a notched one in G. martensi, and it has a 
proportionally much bigger shell. In G. martens, pre- 
served 10mm long, the shell measures 6 X 2.5mm. As 
far as I could find, G. martensi is known only from the 
first description, copied in Prussry (1896: 211). 


Explanation of Figures 8 to 11 


Gymnotoplax barasht Eveline Marcus, spec. nov. 


Figure 8: Dorsal view of paratype 
Figure 9: Ventral view of paratype 


Figure 10: Dorsal view of holotype 
Figure 11: Ventral view of holotype 


Professor Alexander Barash, Tel-Aviv, photographed the preserved 


specimens 
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Figure 7 
Gymanotoplax barasht Eveline Marcus, spec. nov. 
Radular teeth 
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First Record of Mitra mitra (Linnaeus, 1758) 


(Gastropoda : Prosobranchia ) 


on the Pacific Coast of Colombia, South America 


RUDO von COSEL 


I. Zoologisches Institut der Justus-Liebig- Universitat, D-6300 Giessen, West Germany 


(x Plate; 3 Text figures) 


IN THE MOLLUSCAN FAUNA of tropical West America 
(Panamic faunal province) we find a number of species 
occurring in both the Indo-Pacific and in the Eastern 
Pacific, especially around the offshore islands (EMERSON 
& Op, 1965; Emerson & ALLIson, 1960; HERTLEIN & 
Emerson, 1953). Mitra mitra (Linnaeus, 1758), well 
known to collectors, is common throughout the Indo-Pa- 
cific from East Africa to Polynesia, but from the Panamic 
province it was as yet represented only by 2 recent finds: 
one adult live-collected specimen from Costa Rica (pre- 
cise locality, depth, and other data not cited) and 2 
dredged empty adult shells from the Galapagos (SPHON, 
1976). Now another record can be added: during a col- 
lecting trip along the Pacific coast of Colombia in Febru- 
ary 1972 the author found a live adult specimen on 
Gorgona Island. 

Gorgona Island is situated off the Colombian Pacific 
coast, 150km south-west of Buenaventura (Figure 1). 
The shortest distance to the mainland (El Charco) is 
about 60km. Gorgona is the only offshore island off the 
Colombian Pacific coast, aside from the rock of Malpelo, 
and the only locality on the southern part of this coast 
with a coral biotope. 

The island itself is mountainous with dense rain forest, 
and it has a prison on it. The shore on the west and north 
sides is rocky and surf-beaten; on the south-east side it is 
partly sandy and rocky with calm water (Figure 2). The 
coral fringe extends from the middle of the island south- 
westwards in a depth beginning in about 50cm to 1m be- 
low low water. At the south-west end the island is con- 
nected with Gorgonilla Island by rocks and a bank of 
coarse sand, gravel and stones, which is exposed at low 
tide. The water is clear; the turbidity of the mainland 
water usually does not extend to the island. 


Buenaventura 
— 


Figure 1 


Colombian Pacific Coast 


The locality of the Mitra mitra specimen lies about 14 
km southward of the prison, off the so-called “‘aeropuerto” 
(Figure 4). The snail, the only specimen found, was col- 
lected by skin-diving and found in white coral sand with 


Vol. 19; No. 4 


a 


—2z—> 


N 1 AD ae 
wu 
km 
®eQ@ 2 


Figure 2 
Map of Gorgona Island (after SANCHEZ, 1971, modified) 


a silty surface, about 1 - 2m away from the edge of the 
coral (Figure 3, profile). It was completely buried and 
only recognizable by its weak trail. The depth was about 
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50cm below low water. This biotope corresponds to the 
biotope usually inhabited by this species in the Indo-Pa- 
cific. At the same spot were found sand-dwelling Terebra 
strigata Sowerby, 1825, T: robusta Hinds, 1844 (slender 
form), Oliva porphyria (Linnaeus, 1758) and Conus lu- 
cidus Wood, 1828, and under stones in sand Conus dalli 
Stearns, 1873. 

The shell of the collected specimen measures 132.0mm 
by 39.1 mm and has 9 whorls. There are 3 heavily repaired 
damaged areas on the body whorl and 3 others on the 
second whorl (Figures 5a, 5b). The embryonic whorls are 
broken off. 


DISCUSSION 


This is the fifth Indo-Pacific Mitra species found in the 
Panamic faunal province, the others being M. papalis 
(Linnaeus, 1758) from Clipperton Island (HERTLEIN, 
1937: 308; plt. 1) and M. edentula Swainson, 1823, M. 
ferruginea Lamarck, 1811 and Strigatella litterata La- 
marck, 1811, also from Clipperton (SALVAT & EHRHARDT, 
1970: 226). But it is remarkable that of the Panamic 
province records of M. mitra one comes from the main- 
land (Costa Rica) and the other from an island about 
60km off the coast, still on the continental shelf Alli 
other islands mentioned above are oceanic and several 
hundred kilometers distant from the mainland (Gal4pa- 
gos, Clipperton, Revillagigedo, etc.). All ambipacific spe- 
cies occurring on these islands and missing on the main- 
land have also not been found by the author on Gorgona 
(e. g., Conus tessulatus Born, 1778, Drupa ricinus (Lin- 
naeus, 1758), etc.). Ambipacific species known from 
the mainland shore are present on the island (Cyp- 


rocks sand 


occasional stones 


fine coral sand coral 


Figure 3 
Profile of the shore at the locality of Mitra mitra 


MTHW = middle tide high water 
MTLW = middle tide low water 
X marks the position of the M#tra mitra specimen 
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raea teres Gmelin, 1791, C. isabellamexicana Stearns, 
1893, Quoyula madreporarum (Sowerby, 1834), etc.). 
Conus dalli, rare on the mainland, is here fairly common. 
Remarkable is a beach shell of Conus chaldeus Roding, 
1798, which the author saw in the workshop of the 
prison among other beach shells from the island 
gathered by the prisoners for shellcraft. Emerson, 1967, 
mentions the possibility of larval transportation of gastro- 
pods with long larval stages by the North Equatorial 
Countercurrent, especially to Clipperton and Cocos Is- 
land, and he says that “the Equatorial Countercurrent 
extends nearly to the American coast” (op. cit.: 89). Gor- 
gona island, as well as Costa Rica and the Galapagos, is 
situated within the zone where the Equatorial Counter- 
current reaches the coast. Therefore, it is more probable 
that larvae reach the coast in these regions than in others. 
On the Colombian coast, the author found isolated reef 
biotopes, in addition to Gorgona, in Cabo Marzo and 
Bahia Utria in the North, but Gorgona Island offers the 
best conditions for surviving of coral-biotope inhabiting 
mollusks in the Colombian part of the Panamic province. 

Thus, these records of Mitra mitra at the coast of tropi- 
cal West America show that where there are “available 
niches in the established main land communities” (Em- 
ERSON, 1967: 89) certain Indo-Pacific gastropods are 
able to extend their range to the continental shelf of trop- 
ical West America. 
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SUMMARY 


The first record of Mitra mitra (Linnaeus, 1758) on the 
Pacific coast of Colombia is discussed. The locality is 
Gorgona Island. The biotope and the specimen are de- 


scribed and the zoogeographical situation of Gorgona 
Island is discussed briefly. 
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Explanation of Figures 4, 5a, 5b 


Figure 4: Gorgona Island, “Aeropuerto” region; X indicates the 
position of the Mitra mitra specimen when collected 

Figure 5a, 5b: Mitra mitra (Linnaeus, 1758), Gorgona Island. 
‘Senckenberg Museum Collection, No. SMF 228858; 2 views, 


natural size 
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Figure 4 
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A New Species of Freshwater Clam from Java, Indonesia’ 


(Bivalvia : Corbiculidae ) 


BY 


MACHFUDZ DJAJASASMITA? 


(1 Text figure) 


A NUMBER OF SPECIMENS of corbiculid clams have been 
collected from two freshwater marshes, Rawa Senggreng 
and Rawa Bureng, ca. 30km south of Malang, East Java. 
Upon examination they proved to be of an undescribed 
species. 


Corbicula lacunae Djajasasmita, spec. nov. 


Shell elongate oval, sub-equilateral, somewhat inflated, 
thin and slightly transparent. Epidermis greenish to olive 
green, lighter towards the margin, at posterior side dense- 
ly and finely plicated. Posterior and anterior margins 
rounded. Anterior side generally narrower than posterior 
one. Anterior dorsal side concave in front of umbo. Ante- 
rior dorsal margin sloping more abruptly than posterior 
one. Transition from posterior to ventral margin truncate- 
ly rounded. Ventral margin straight to slightly arched. 
Concentric ribs fine, closely placed, in general somewhat 
irregular, with still finer lines between. At umbo and basal 
margin ribs become less distinct. Umbo generally eroded, 
white, moderately projected and pointed with short vio- 
let stripe in juvenile shells. Inner side yellowish, bluish or 
violet to dark violet. Marginal portion below pallial line 
shining. Hinge teeth whitish or paler. Lunula in general 
distinct, paler than other part of shell. Hinge plate nar- 
row. Teeth of right valve: anterior cardinal elongate tri- 
angular; central cardinal triangular, solid, grooved above; 
posterior cardinal small tuberculate; two anterior laterals 
slightly shorter than posterior ones, two posterior laterals 
somewhat curved. Inner side of lower anterior and poste- 
rior laterals serrated. Teeth of left valve: anterior cardi- 
nal lamelliform; central cardinal triangular, solid, grooved 
above; posterior cardinal slender triangular, about half as 


* Contribution from the National Biological Institute of the Indo- 
nesia Institute of Sciences, Bogor, Indonesia 

2 Museum Zoologicum Bogoriense, National Biological Institute, 
Bogor, Indonesia 


Figure 1 


Holotype of Corbicula lacunae Djajasasmita, spec. nov. 
3, times natural size 
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large as central cardinal. One anterior lateral, straight, 
inner side serrated; posterior lateral sub-spatulate, some- 
what curved, inner side serrated. 


Measurements (mm) : 


length breadth diameter 


Holotype 2255 18 11 
Paratypes 20-22.4 16-18 9.3-11 


The description is based on 21 specimens collected from 
Rawa Senggreng, 8°10’ S; 111°33’ E, by M. Djajasasmi- 
ta on 11 November 1971. Five additional specimens have 
been collected from Rawa Bureng, ca. 15km east of Rawa 
Senggreng. These two freshwater marshes have a muddy 
bottom and were then densely populated with aquatic 
weeds, such as Eichhornia crassipes Solms, 1883, Salvinia 
sp. and Scirpus sp. 

The holotype, no. Lam. 1453, and paratypes no. Lam. 
1454, are deposited in the Museum Zoologicum Bogori- 
ense. 

Compared with the three other Javanese species, Cor- 
bicula javanica (Mousson, 1849), C. rivalis (Philippi, 
1850), and C. pulchellum (Mousson, 1848), this species 
is closer to C. rivalis. Corbicula lacunae can be distin- 
guished from C. rivalis by the relatively longer shell, 
finer, flat and somewhat irregular concentric ribs. This 
species shows also a relationship with C. loensis Krui- 
mel, 1913, a species from Celebes. 
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A Field Observation of Aggressive Behavior 


Between Two North Pacific Octopus, Octopus dofleint martini 


MICHAEL A. KYTE 
College of Fisheries, University of Washington, Seattle, Washington 98195 


AND 


GREGORY W. COURTNEY 
3220 N. W. Arrowwood Circle, Corvallis, Oregon 97330 


(1 Plate) 


BeHAVIOR IN THE NATURAL environment and its ecological 
significance is generally little known for Octopus dofleini 
(Wiilker, 1910) and many other cephalopod species. 
While many observations have been made in laboratory 
situations, little attempt has been made to relate these to 
the life history of the octopus. Carefully reported anec- 
dotal information gathered from research and sport SCU- 
BA divers can be used in the context of systematic studies 
to elucidate the biology of octopus in its natural habitat. 
The unusual and fortuitous incident that we describe here 
is an example of such information. 

On January 5, 1974 at about 12:30 p.m. in Puget 
Sound we observed an encounter between 2 individuals 
of the giant North Pacific octopus, Octopus dofleini mar- 
tint Pickford, 1964. The incident occurred about 150m 
off the public bathing beach located on the north side of 
Alki Point, West Seattle, Washington. Two octopus were 
seen in about 15m of water near an artificial reef of dis- 
carded car bodies and other scrap. Each octopus was 
approximately 14 to 2m long, and the weight of each was 
estimated at about 18 - 23kg. We did not determine the 
sex of either or take more precise measurements because 
we did not want to interrupt the action, and when it 
ended we were out of air. 

The first octopus was initially observed approaching 
from shallower water west of the area, swimming about 
3m above the bottom. It settled to the ground near the 
artificial reef (Figure 7). The second octopus immediately 
appeared from within the reef about 4m away. Without 
hesitation, both began moving toward each other and 


engaged in apparent combat when within arm’s reach. 
Each attempted to enfold the other by spreading the up- 
per arms and trying to force its opponent’s arms and inter- 
brachial web back over the body (Figure 2). If an en- 
veloped individual can be held long enough, the action 
results in the smothering of the trapped octopus (Jerome 
Wodinsky, personal communication). However, the de- 
fending animal countered this move by lowering its upper 
arms, thus deterring the aggressor (Figure 3). A second, 
similar preventive action used was to engage the attacker's 
arms, preventing the backward movement and at the same 
time probably securing a partial offensive advantage 
(Figure 4). The actual encounter lasted about 5 minutes 
with each animal alternating an uncounted number of 
times as attacker. Neither could gain a critical advantage. 
They then moved apart; the intruder moving down slope, 
and the original resident returning to the wreckage. Our 
camera flash had no observable effect on the behavior of 
the fighting octopus. The two separated some time after 
we stopped taking pictures. Wodinsky (pers. comm.) found 
that fighting Octopus vulgaris are also generally oblivi- 
ous to the presence of a human observer. 

During the fight, both octopus alternated between a 
mottled reddish-brown and white coloration (Figure /) 
and an almost total white appearance. As each became 
the attacker it assumed the mottled coloring and the op- 
ponent blanched (Figure 2). 

Packard and Sanders, working with Octopus vulgaris 
in England, attach definite interpretations to various color 
phases of the octopus (PacKkarp, 1963; Packarp « SAn- 
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DERS, 1971). The individuals of O. dofleini displayed sim- 
ilar color patterns under the same circumstances that 
Packard and Sanders described from their controlled ex- 
periments. The mottled coloration (Figure /) of the at- 
tacker coincides with the conflict phase in which the 
animal is attacking or ready to attack. White coloration, 
the dymantic phase, is displayed by the defending indi- 
vidual (Figure 2). 

Underwater observations of Octopus vulgaris in the 
Bahamas by Wodinsky (pers. comm.), and by Cousteau 
& Dioré (1973) in the Mediterranean indicate that this 
species holds and defends a territory. In the encounters 
seen by Wodinsky and Cousteau & Diolé an intruder was 
always quickly attacked by the den resident. The pos- 
tures of O. dofleini that we observed were similar to those 
described by these observers. 

The possibility that this event was of reproductive na- 
ture cannot be entirely discounted. We did not determine 
the sex of either, and the time of year is within the normal 
mating period for Octopus dofleint martini (Arthur W. 
Martin, pers. comm.). However, the postures displayed 
by the two did not resemble those described by Packarp 
(1961) or by Youne (1962) for mating octopus of other 
species. Also, the movements and positions did not corre- 
spond to those assumed by mating O. dofleint (Gasz, 
1975; Martin, pers. comm.). 

Other divers from Puget Sound have told us of no other 
naturally occurring incidents of octopus intraspecific in- 
teraction. Through these discussions we have learned that 
it is very important that events such as the one reported 
here be carefully recorded and communicated to scien- 
tists working with octopus. With further experience with 
octopus in the field and with what was learned from this 
incident we recommend that any observation include 
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date, time of day, depth, sex and size of the animals. As 
the number and variety of observations with these para- 
meters increase, interpretation of the behavior and its 
ecological significance can be made more accurate. 
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Figure 4 


Figure /: The intruder octopus near the artificial reef. 
Figure 2: Attempted envelopment showing attack, octopus on lefi,and defense colors. 
Figure 3: Defense against threatened envelopment. 
Figure 4: Further defense and initial offense. 
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Vitrea contracta (Westerlund) 


(Mollusca : Pulmonata) 


in the San Francisco Bay Area 


BY 


BARRY ROTH 
Department of Geology, California Academy of Sciences, San Francisco, California 94118 


Earty IN June 1970 I made 2 collections of a mixed 
assemblage of indigenous and introduced land mollusks 
from under leaf litter and mats of Hottentot-fig (Carpo- 
brotus edulis (Linnaeus) L. Bolus) on the steep upper 
bank of Lobos Creek, in the northwestern portion of 
San Francisco, California. The mollusk species taken were 
the introduced Helix aspersa Miller, 1774, and Oxychilus 
cellarius (Miiller, 1774), and the indigenous Helmintho- 
glypta nickliniana (Lea, 1838), Trilobopsis loricata (Gould, 
1846), Haplotrema minimum (Ancey, 1838) and Punc- 
tum conspectum (Bland, 1865). In addition, the most 
common species present was a minute, colorless, zonitid 
snail. Toward the end of June I again collected the zonit- 
id, this time under fallen leaves of longleaf acacia (Aca- 
cia longifolia Willdenow) on the north side of Brotherhood 
Way, between Lake Merced and Junipero Serra Boule- 
vard in southwestern San Francisco. Specimens from this 
site were submitted to Dr. E. Gittenberger, Rijksmuseum 
van Natuurlijke Historie, Leiden, Netherlands, who iden- 
tified them as the European species, Vitrea (Vitrea) con- 
tracta (Westerlund, 1873). This is a new record for the 
genus and species in North America (Baker, 1931). The 
circumstances of occurrence suggest that the mollusk was 
synanthropically introduced. 

The Lobos Creek area is one of the less disturbed 
regions within the city of San Francisco; its general ap- 
pearance is illustrated by Howe11, Raven, & Rustzorr 
(1958: fig. 2). Even this area, however, supports many 
exotic plants, including Hottentot-fig and longleaf acacia. 
The rather heavy leaves of the acacia form a cover as 
deep as 8cm on the ground. The soil is sandy and is a 
portion of the San Francisco dune complex (Cooper, 
1967). 

The Brotherhood Way area is identified by Howe t, 
Raven, & Rustzorr (1958: figs. 6, 7) as “gully east of 
Lake Merced”; it is another of the open regions within 


the city, but also contains a strong exotic plant element. It 
was originally an arroyo leading down through sand 
dunes to a freshwater marsh and Lake Merced. The 
north side, where Vitrea contracta was found, has been 
graded and landscaped and receives runoff water from 
the gardens of Parkmerced, a residential development 
immediately to the north. The snails were very common 
on damp sand and the underside of dead leaves. Also 
present were young Helix aspersa, Oxychilus cellarius, 
Punctum conspectum, and the introduced Arion inter- 
medius (Normand, 1852). In January 1971 I found V. 
contracta under pine needles and on the prostrate stems of 
English ivy (Hedera helix Linnaeus) in a landscaped 
strip along Sunset Boulevard, also in the western part of 
the city and between 1.5 and 3km north of the Brother- 
hood Way location. At this site, the only other associated 
mollusk was Vallonia excentrica Sterki, 1893 — probably 
itself a naturalized exotic species. 

Vitrea contracta is common to abundant at each of the 
3 localities. Dead shells in various stages of decomposition 
and living specimens of several size [?= age] classes indi- 
cate that reproducing populations are probably estab- 
lished. Some artificial water supply may be necessary for 
the species to survive locally; in several years of sampling 
an unwatered area of relatively undisturbed coastal scrub 
about 0.8km north of the Lobos Creek locality, workers 
have never found V. contracta. 

One additional occurrence suggests that Vitrea contrac- 
ta may be more widely naturalized in suitable habitats 
in the San Francisco Bay area: a dead shell closely re- 
sembling the San Francisco specimens was among drift 
collected by James T Carlton in January 1970 at the 
margin of Lake Merritt, Oakland, following a period of 
heavy rains. The shell may have washed down from the 
neighboring hills. 

There seems to be no way to establish the source or 
the time of introduction of this species. Vitrea contracta 
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is widespread in the Old World. Taytor (1908) reports 
it from many localities in the British Isles and from Den- 
mark, southern Sweden and Norway, Mecklenburg, Bran- 
denburg, East Prussia, Silesia, Pomerania, southern 
France, Transylvania, and Switzerland. In Britain it ex- 
tends as far north as the Outer Hebrides “and is probably 
ubiquitous” (Evans, 1972). In the U.S.S.R. it occurs 
in the Baltic region, the Vitebsk region, and the western 
regions of the Ukraine (LikHacHEV & RAMMEL’MEIER, 
1952). Forcart (1973) reports it from several localities 
in Palestine. In Europe, the species lives in forests, among 
leaf litter (LikKHACHEV & RAMMEL’MEIER, Of. cit.). It 
is characteristic of calcareous soils and limestone debris, 
and occurs in drier and more eutrophic habitats than the 
related V. crystallina (Miller, 1774) (Evans, 1972). 
Early collectors in the San Francisco Bay area apparently 
did not find VY contracta (unless perhaps some old cita- 
tions of Zonitoides arboreus (Say, 1816) refer to it) ; it is 
not present in material collected by Henry Hemphill, 
Josiah Keep, Williard M. Wood, William J. Raymond, or 
others, in the California Academy of Sciences. 

Alan Solem, Field Museum of Natural History, has 
pointed out (in litt.) the resemblance of the San Francis- 
co material to Pristiloma orotis (Berry, 1930), described 
from the south ridge of Palomar Mountain, San Diego 
County, California. The shells of 2 paratypes of P. orotis 
(California Academy of Sciences Geology Type collection 
Nos. 10212, 10213) are similar to Vitrea contracta but 
have a more flaring, funnellike umbilicus and less strongly 
convex parietal wall. Montane San Diego County is a 
More remote site than is usual for an introduced mollusk 
in California (cf. the records cited by Hanna, 1966) ; 
additional work, including anatomical study, is required. 
Vitrea contracta can be distinguished from Pristiloma 
nicholsoni Baker, 1930, which occurs in several Bay Area 
counties, by its open, although narrow, umbilicus. The 
umbilicus of P nicholsoni is partly occluded by an expan- 
sion of the inner lip. 

Living Vitrea contracta were active in the field in 
January and June. By contrast, central Californian spe- 
cies of Pristiloma have a short season of activity and are 
seldom found active in the field later than April or May 
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(A. G. Smith, personal communication). Specimens from 
Brotherhood Way placed in a jar of moist litter crawled 
quickly away from light. After one day some were found 
with a transparent, soap-bubble-like epiphragm across the 
aperture, to which sand grains adhered. The color of the 
living animals is pale tan to ivory; eyestalks are trans- 
parent with black retinae. The snails survived in the jar 
for several weeks in a steam-heated room before they 
were preserved, They were active at 18 - 19°C on a shady 
windowsill and commonly perched on the underside of 
dead acacia leaves. 

There is no indication in the literature that Vitrea con- 
tracta is an agricultural or horticultural pest in its 
countries of origin. 

I appreciate the advice and assistance of E. Gittenber- 
ger, who identified the specimens, Alan Solem, Allyn G. 
Smith, H. Hopman, and J. T. Carlton. Elizabeth Mc- 
Clintock kindly identified some of the plant species, 
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INTRODUCTION 


Nucula hartvigiana Pfeiffer, 1864 is a representative of 
the subclass Paleotaxodonta (NEWELL, 1965) and as such 
is a member of a primitive group of bivalves. 

A study of the fine structure of the spermatozoon of 
this species has revealed that while it is basically similar 
to the spermatozoa of species of bivalves in other sub- 
classes, the acrosome shows some interesting features not 
formerly seen in bivalve sperm. Previous to this report, 
only light microscope investigations of the spermatozoa of 
the genus Nucula had been reported by Rerzrus (1904) 
and FranzEN (1956). 


MATERIALS anp METHODS 


Specimens of Nucula hartvigiana with mature gonads 
were collected from the intertidal mudflats of Pauataha- 
nui Arm, Paramata Harbour, New Zealand (41°06’S; 
174°52’E) on October 24, 1975. Similar specimens are 
lodged in the National Museum of New Zealand and have 
been assigned the registration number M. 18034. The 
collected specimens were fixed for electron microscope ex- 
amination by immersing and sequentially dicing speci- 
mens into small blocks in a solution of 24% glutaralde- 
hyde, 2% NaCl, and 0.1_M Sorensen’s phosphate buffer 
adjusted to pH 7.4. They were then further processed for 
electron microscope examination one month later by post- 


' Present address: Department of Biological Sciences, Simon Fraser 
University, Burnaby, British Columbia, Canada V5A 1S6 


osmicating for 2 hours in buffered 2% OsO,, washing in 
0.1M sodium acetate, and then staining en bloc for one 
hour in 2% uranyl acetate dissolved in 50% ethanol. The 
blocks were dehydrated in ethanol followed by epoxy 
propane and embedded in Epon 812 epoxy resin. Sections 
were cut to show silver or gold interference colours, 
mounted on collodion/carbon-coated 150 mesh copper 
grids and double stained with uranyl acetate and lead 
citrate (VENABLE & COGGESHALL, 1965). The sections 
were examined with a Philips 301 electron microscope. 


RESULTS 


The spermatozoon of Nucula hartvigiana consists of an 
acrosome, nucleus, midpiece and tail and is about 7.5 um 
long when measured from the tip of the acrosome to the 
abnuclear end of the middle piece (Figure /). 

The acrosome (Figure 2) consists of 2 elements: (1) a 
cup-shaped acrosomal vesicle containing an osmiophilic 
granule, and (2) flocculent-appearing periacrosomal ma- 
terial. The osmiophilic granule is homogeneous in con- 
sistency with the ratio of the weight of its profile to that 
of the nucleus: 

(weight of paper image of granule) 

(weight of paper image of nucleus) 
being 0.033 (see PopHam, 1974). The space enclosed by 
the acrosomal vesicle is loosely filled with the periacro- 
somal material which apparently is not organised into 
any regular structure. The periacrosomal substance is 
also found as a thick aggregation of material occupying 
a space between the acrosomal vesicle and the nucleus. 
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Whether this material is the same as that occupying the 
space enclosed by the vesicle is not known. 

The nucleus (Figure 7) is a conical structure about 
5.3 um long and tapers from being about 1 um in diame- 
ter near the middle piece to about 0.4 um near the acro- 
some. 

The middle piece (Figures 3 and 4) consists usually of 
5, but occasionally 6, ellipsoidal mitochondria tightly 
packed around a pair of centrioles oriented at 90° to 
each other. A satellite body appears to arise from the 
proximal centriole and become attached to the nuclear 
envelope. Nine satellite bodies (of which only 2 are 
shown in Figure 4) arise from the distal centriole and 
become intimately associated with the plasma membrane. 

Observations on the morphological changes of the un- 
differentiated male germ cells into mature sperm appear 
to be generally similar to those previously described for 
other bivalve species (LoNco & DorNFIELD, 1967; Lonco 
a ANDERSON, 1969). Figure 5 shows portions of 3 early 
spermatids. The mitochondria are spherical and are in- 
timately associated with a spherical nucleus and occupy 
indentations in this organelle. Usually only a single 
acrosomal vesicle containing a single osmiophilic granule 
of homogeneous consistency can be seen at this stage of 
development. The vesicle at this stage is coated with 
osmiophilic material but is not oriented nor located in any 
particular portion of the cell at this time. The rest of the 
cytoplasm contains a pair of centrioles (one of which is 
modified to form the basal body for the tail), ribosomes, 
particles of glycogen, and occasionally a multivesicular 
body. Within the nucleus, the chromatin is amorphous 
and is associated in part with the inner membrane of the 
nuclear envelope. The chromatin appears to have a fila- 
mentous consistency. 


DISCUSSION 


As previously shown by FRANZEN (1956) the spermato- 
zoon of the genus Nucula resembles a typically primitive 
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spermatozoon in having a conical head and a middle piece 
consisting of usually 5 mitochondria surrounding a pair of 
centrioles (FRaNzEN, 1970). Hence the basic structure 
of the spermatozoon of N. hartvigiana resembles that of 
other bivalve sperm (GaLTSoFF & Puipott, 1960; Pas- 
TEELS & DE HarveEN, 1962; Bourcart et al., 1965; Nuayji- 
MA & Dan, 1965; Lonco & ANDERSON, 1969; PocHON- 
Masson & GHaRaGozLou, 1970; GHARAGOZLOU- VAN 
GINNEKAN & PocHon-Masson, 1971; PopHamM ef al., 
1974; TrimBLe & Gaupin, 1975). The main difference 
between the spermatozoa of N. hartvigiana and those of 
other bivalve species, with the exception of Ligumia sub- 
rostrata (TRIMBLE & GAUDIN, op. cit.), is in the structure 
of the acrosomal apparatus, particularly in the absence 
of an axial rod. In the sperm of N. hartvigiana, flocculent 
material is found to occupy the space enclosed by the 
acrosomal vesicle instead of an axial rod. The absence 
of an axial rod in L. subrostrata may be a manifestation 
of change in its biology of fertilization. In this species it 
may have been lost as a response to evolving a minute ac- 
rosomal vesicle. This feature may reflect the fact that this 
species fertilizes the ova in the mantle cavity of the female 
(Wer, 1969), a modification of the primitive mode of 
fertilization. Evidence to support this contention has been 
reported by PopHam (1974), who showed that within the 
homogeneous group of the shipworms the acrosomes of 
spermatozoa of brooding species were smaller than those 
found in non-brooding species. 

Another difference between the acrosomal apparatus of 
the spermatozoon of Nucula harivigiana and those of 
other bivalve species is that the acrosomal vesicle is sep- 
arated from the nucleus by flocculent material. In other 
bivalves, with the exceptionof Tapes decussatus' (POCHON- 
Masson & GHaracoz.ou, 1970), the vesicle is intimately 
associated with the nuclear envelope. The acrosomal ap- 
paratus of the spermatozoon of 7; decussatus is unusual 
because it has a very long axial rod (PocHON-MASSON & 


' Note added in proof: also Corbicula sandai (Hac « HicAsHt, 


1970). 


Explanation of Figures I to 5 


Figure J: Longitudinal section through the spermatozoon of Nu- 
cula hartvigiana. A: acrosome; N: nucleus; MP: middle piece. 

X 16 000 
Figure 2: Longitudinal section through the acrosome. av: acro- 
somal vesicle; df: dense flocculent material; If: loose flocculent 
material; og: osmiophilic material _ X 125 000 
Figure 3: Transverse section through the middle piece of some 
spermatozoa. m: mitochondria; pc: proximal centriole XX 30000 


Figure 4: Longitudinal section through the middle piece of the 
spermatozoon. dc: distal centriole; dsb: distal centriole body; m: 
mitochondria; pc: proximal centriole; psb: proximal centriole sat- 
ellite body; t: sperm tail X 44000 
Figure 5: Early spermatids. am: acrosomal membrane; m: mito- 
chondria; mvb: multivesicular body; N: nucleus; og: osmiophilic 
granule X 33 000 
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GHarAGOzLOou, op. cit.), a feature apparently not found 
in sperm of closely related species (GHARAGOZLOU-VAN 
Ginnexan « Pocuon-Masson, 1971). 

An interesting feature of the osmiophilic granule in the 
sperm of Nucula hartvigiana is its thickened appearance 
towards its abnuclear portion. In many species the osmio- 
philic granules in bivalve spermatzoa are thin in this 
region as in Crassostrea virginica (GALTSOFF & PHILPOTT, 
1960; Daniets et al., 1970) or lack material altogether 
as in Spisula solidissima (Lonco & ANpERSON, 1969) or 
the teredinids (PopHam et al., 1974; Poruam, 1974). 
The thickening of the adnuclear portion of the granule in 
N. hartvigiana may be the reason why Franzen (1956) 
described it in N. sulkata as consisting “of a strongly re- 
fracting body resting upon a short stalk.” The present re- 
sults of N. hartvigiana show that the granule seems not to 
consist of a stalk. 

The present results show that the ratio of the volume 
of the osmiophilic granule relative to that of the nucleus 
(0.033) is very much smaller than that previously de- 
termined for the non-brooding “externally fertilizing” 
teredines (PopHaM, 1974). Possibly this difference may 
be related to different biologies of fertilization of the ova, 
as previously suggested by Baccetti (1970), who noted 
that the evolution of the acrosome (in arthropods) is tied 
to the evolution of the egg. 

It is generally agreed that the protobranchs represent 
the most primitive group of bivalves (NEWELL, 1965). 
As a result of his light microscope work, FRANZEN (195@) 
concluded that he could find little significant difference 
between the spermatozoa of the protobranchs and those 
of other more highly evolved species. This present work 
has shown that there are some interesting features of the 
acrosome of Nucula hartvigiana which are different from 
those of other bivalves. Hence, because N. hartvigiana 
represents the primitive line of bivalves, the features seen 
in its sperm may represent the primitive bivalve condition. 
Preliminary results of observations on spermatozoa of 
other bivalve species (PopHam, 1976) have revealed that 
features seen in the acrosome of N. hartvigiana also occur 
in the spermatozoa of some pteriomorph and heterodont 
species. 
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INTRODUCTION 


Durine 1970 anp 1971 the author collected at several fos- 
siliferous outcrops of the late Pliocene marine Merced (?) 
Formation (Drsier, 1966), on Arastradero Road, near 
Stanford University, Santa Clara County, California. Col- 
lections secured from California Academy of Sciences 
Geology Locality 44020 and United States Geological 
Survey Cenozoic Locality M1715, which yielded several 
valves of an undescribed species of bivalve of the genus 
Macoma. 

In 1971 Dr. Warren Addicott of the United States 
Geological Survey brought to my attention a number of 
valves belonging to the new Macoma described in this 
report, from the sea cliff area of New Brighton Beach, 
Santa Cruz County, California (M3618). During the 
same year I made collections at several fossiliferous ex- 
posures of the Pliocene Purisima Formation at New 
Brighton Beach. These investigations yielded several ad- 
ditional valves of the new Macoma. A detailed study of 
the fauna of this area and the associated faunas found at 
Sea Cliff State Beach and Capitola State Beach, Santa 
Cruz County, California is underway at present. 
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EULAMELLIBRANCHIA 


TELLINIDAE Blainville, 1814 


Macoma Leach, 1819 
Macoma addicotti Nikas, spec. nov. 


Macoma, new species?, aff. M. nasuta (Conrad). 
AppicotT, 1969. Proc. Calif. Acad. Sci. (4) 37 
(3): 72-73; plt. 4, fig. 12 


Diagnosis: A large, thick-shelled species of Macoma dif- 
fering from other northwestern American species of the 
genus in that the posterior end of the left valve is sharply 
truncated and strongly flexed, the beak is slightly posterior 
to the midline, the right pallial sinus forms a 70° angle 
with the pallial line and the left pallial sinus forms a 40° 
angle with the posterior muscle scar. 


Description: The shell is large, thick, oval in outline, 
anterior end well rounded, posterior end broad and sharp- 
ly truncated; beak slightly to the posterior of the center 
of the valve. The external surfaces of both valves sculp- 
tured only by irregular concentric growth lines. The 
ligamental groove extends approximately ? of the way 
along the dorsal margin, ending at the top of the posteri- 
or adductor muscle scar. The pallial sinus of the right valve 
extends forward from the posterior muscle scar approxi- 
mately midway to the anterior adductor muscle scar 
where it curves steeply down to the pallial line. The 
pallial sinus of the left valve extends from the posterior 
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Figure 1 
Composite sketches of Macoma addicotti Nikas spec. nov. 
right valve 
a — interior view; b — dorsal view; c — exterior view 


muscle scar, rising slightly in the center of the valve and 
then slopes down to the anterior muscle scar. The shell is 
bent to the right at the posterior ends of both valves. 


THE VELIGER 


Page 435 


Figure 2 
Composite sketches of Macoma addicotti Nikas spec. nov. 
left valve 
a — interior view; b — dorsal view; c — exterior view 


The left valve curves slightly from the umbo to halfway 
along the ligamental groove, where the curvature in- 
creases to a slight hook. The right valve is bent strongly 
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to the right beginning 2 of the way along the dorsal 
margin. 

Holotype: No. 55959 (California Academy of Sciences, 
Department of Geology Type Collection), from C. A. S. 
Geology Locality 44020, 763m E of the intersection of 
Arastradero Road and Alpine Road, opposite the en- 
trance road to the American Institute of Research, Palo 
Alto, California, U.S.G.S. Palo Alto, California quad- 
rangle, 74 minute series (topographic), 1961 edition. 
Collector James Nikas, 1971. Late Pliocene. Both valves, 
right valve, height 60.5mm, length 79.25mm; left valve, 
height 59.5mm, length 78.5mm. Paratypes nos. 55957, 
55958 have been deposited at the California Academy of 
Sciences. Paratypes have also been deposited at the United 
States National Museum of Natural History. 
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umbo and the posterior end of the shell, while on M. na- 
suta this flexure begins slightly to the anterior of the 
middle of the shell. 

On the right valve of Macoma addicotti the pallial 
sinus forms a 70° angle with the pallial line, while the 
pallial sinus of the right valve of M. nasuta forms a 50° 
angle with the pallial line. The pallial sinus of the left 
valve curves down at the center of the shell and forms a 
40° angle to the posterior muscle scar, while on M. nasu- 
ta the pallial sinus drops at about a 30° angle. The large 
maximum size of M. addicotti is an important diagnostic 
characteristic. 

Macoma addicotti also resembles the Recent M. brota 
Dall, 1916. Macoma addicotti may be easily distin- 
guished from M. brota by the characters cited in Table 2. 


Table 1 


Measurements of Holotype and Paratypes 


Valve Height Length 
Left 60.5 mm. 79.25 mm. 
Right 59.5 mm. 78.5 mm. 
Right 66.0 mm. 85.0 mm. 
Left 68.0 mm. 91.0 mm. 
Left 51.5 mm. 73.0 mm. 
Left 63.5 mm. 86.0 mm. 


Discussion: Macoma addicotti is similar to and may be 
closely related to the northeastern Pacific species M. nasu- 
ta (Conrad, 1837), which at present ranges from Sitkali- 
dak Island, Alaska to Cabo San Lucas, Baja California, 
Mexico (Coan, 1971: 42). Macoma addicotti can be 
readily distinguished from M. nasuta by the characteris- 
tics described in Table 2. Macoma nasuta is narrow dor- 
sally and elongated posteriorly, while 44. addicotti is broad 
and sharply truncated posteriorly. The beak is nearly 
central in M. nasuta, while in M. addicotti the beak is 
slightly to the posterior. 

The left valve of Macoma addicotti is strongly flexed. 
As pointed out by Appicorr (1969: 72), the flexure on 
the left valve of M. addicotti begins midway between the 


Type No. Depository 
Holotype No. 55956 GANS: 
Holotype No. 55956 C.A.S. 
Paratype No. 241063 U.S.N.M. 
Paratype No. 55957 C.A.S. 
Paratype No. 55958 C.A.S. 
Paratype No. 650970 U.S.N.M. 


Age and Paleoecology: U.S. G.S. Locality M1715 and 
C.A.S. Locality 44020 are late Pliocene in age and 
assigned to the Merced (?) Formation (Drmstee, 1966) ; 
U.S. G. S. M3618 is Pliocene in age and designated as 
Purisima Formation. 

Macoma nasuta (Conrad) ranges from Oligocene (?) 
to Recent (Grant & GaLe, 1931), while at present M. 
addicotti is recorded only from the Pliocene. Macoma 
nasuta and M. addicotti occur together at U.S.G.S. 
M1715 and U.S.G.S. M3618, but 1. nasuta has not 
been recorded from C, A.S. 44020, while M. addicotti 
has been recorded from that locality. Appicotr (1969) 
States that the environment in which the taxa are found 
at U.S.G.S. M1715 and U.S.G.S. M1870 (which 


Explanation of Figures 3 to 6 


Macoma addicotti Nikas, spec. nov. 
Figure 3: Holotype, CAS Dept. Geology Type Coll. no. 55956, 
from CAS Geology Locality 44020, Arastradero Road, Palo Alto, 
Santa Clara County, California; late Pliocene. Left valve, height 
60.5mm; length 79.25mm. Interior view 


Figure 4: Exterior view of left valve of holotype 

Figure 5: Paratype, USNM 241063, from U.S. G.S. M3618, New 
Brighton State Beach, Santa Cruz County, California; Pliocene. 
Right valve, height 66.0mm, length 85.0mm. Exterior view 

Figure 6: Interior view of paratype shown in Figure 5 
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Figure 6 


Figure 5 


[Nixas] Figures 3 to 6 
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Comparison of .Wacoma addicotti with other Macoma species 


Posterior End 


Species Beak Flexing Ligamental Groove _ of Left Valve Pallial Sinus 
Macoma Slightly posterior Rightvalve weakly — Extends just Broad. sharply R. Curves ventrally at midline and 
addicotti to midline flexed posteriorly. beyond top of truncate. forms a 70° angle to the pallial line. 
Left valve strongly muscle scar. L. Curves down midline at a 40° 
flexed posteriorly. angle to the posterior muscle scar. 
Macoma Nearly central. Both valves Ends at top of Elongated. R. Curves down midline at a 50° 
nasuta weakly flexed muscle scar. slightly acute angle to the pallial line. 
posteriorly. and truncate. L. Curves down midline at a 30° 
angle to the posterior muscle scar. 
Macoma Slightly posterior None. Does not reach Broad and R. Detached from the pallial line. 
brota to midline. top of muscle scar. truncate. L. Detached from the pallial line. 


equals C. A. S 44020), was probably a “sandy, level-bot- 
tom, depositional environment located high in the inner 
sublittoral zone of a protected inner coast.” 

A fauna of 12 taxa has been recorded by the author 
from U.S. G.S. Locality M3618 and is indicative of a 
silty-sand, sublittoral sheltered coastal environment. 

Based on the similar faunal elements found at all 3 
localities and the fact that Macoma addicotti is associ- 
ated with M. nasuta at U.S. G. S. M1715 and M3618, M. 
addicotti suggests an environment similar to that of M. 
nasuta which inhabits mainly heavy mud or muddy sand 
of sheltered marine environments (Frrcu, 1953) from 
the interidal zone to about 46m (Coan, 1971). 

This species is named for Dr. Warren O. Addicott of 
the United States Geological Survey, Menlo Park, Cali- 
fornia, who gave his assistance to me when it was needed 
at the sacrifice of his valuable time and also in recognition 
of the valuable contributions he has made to the paleon- 
tology of California. 


LOCALITIES 


United States Geological Survey: 

M1715 Cut and pipeline trench on the north side of Arastradero 
Road, 360m west of the intersection with Page Mill Road, 
Palo Alto 74 minute quadrangle, Santa Clara County, Cali- 
fornia, Merced (?) Formation, Late Pliocene. Collectors: 


E. H. Pampeyan, J. G. Vedder and Warren Addicott. Also 
James Nikas, 1971. Same as U.S. N. M. 650970. 

M3618 In seacliff at NW end of New Brighton Beach State Park 
near Capitola, California, Santa Cruz County, Soquel 74 
minute quadrangle, Purisima Formation, Pliocene. Collec- 
tors: J. G. Vedder. Also James Nikas, 1971. Same as U.S.N 
M. 241063. 

California Academy of Sciences, Geology Department: 

44020 366m E of the intersection of Arastradero Road and Al- 
pine Road near the entrance to the American Institute of 
Research, on the NE side of Arastradero Road, Palo Alto, 
Santa Clara County, California, Palo Alto 7$ minute quad- 
rangle, Merced (?) Formation, Late Pliocene. Collector: 
James Nikas, 1970 - 1971 
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Removal of Living Snails from their Shells by a Hermit Crab! 


BY 


JAMES C. RUTHERFORD 


Department of Zoology, University of California, Berkeley, California 
and University of California Bodega Marine Laboratory, Bodega Bay, California 2 


EMPTY GASTROPOD SHELLS have been shown to be a 
limiting resource in the growth of hermit crab popula- 
tions (Vance, 1972). It has been assumed that hermit 
crabs do not kill snails to obtain their shells (MacGrnitTIz 
& MacGinime, 1968: 294), although several authors re- 
port hermit crabs removing living snails from their shells 
(Purtymun, 1971; BricHTweELt, 1951, 1953). Thus it 
is assumed by hermit crab workers that the shell pool 
available to hermit crabs is a function of the population 
sizes and mortality rates of the snail populations. How- 
ever, my observations on a specimen of Paguristes turgid- 
us (Stimpson, 1857) suggest that hermit crabs may ac- 
tively appropriate shells from living snails. 

On March 25, 1975 a Paguristes turgidus with a shield 
length of 12mm, occupying a Polinices shell, was placed 
in a 360/ capacity tank with 2 living Busycotypus canali- 
culatus (Linnaeus, 1758) and a living Neptunea lirata 
(Gmelin, 1791). The Polinices shell occupied by the her- 
mit crab was large enough that the hermit crab could 
retreat completely out of sight into the shell. Thus the 
shell was more than adequate in size. On March 28 the 
Paguristes was observed with the aperture of its shell 
apposed to the aperture of the Neptunea shell. The crab 
and snail remained together for 2 days at which time I 
removed the crab to see what it was doing. The Neptunea 
had retreated so far into its shell that no soft parts of its 
body were visible, and the operculum tightly sealed the 
entrance. This suggests that the snail had been greatly 
irritated, as it took much poking to get the snail to close 
up so tightly (personal observation). The snail and her- 
mit crab were placed back into the tank and the next 
day the crab was apposed in the same manner with one 
of the Busycotypus. Two days later, on April 2, the fresh 
body of the Busycotypus was found in the tank and the 
hermit crab was occupying the Busycotypus shell. The 
snail was alive before the crab started work on it and the 


? Contribution No. 4 of the Bodega Marine Sciences Association 
* Present address: Biology Department, Hilo College, Box 1357, 
Hilo, Hawaii 96720 


freshness of the body indicated that the crab actively 
removed the snail from its shell. No part of the snail was 
eaten by the crab. The snail shell had an aperture width 
of 40mm and a shell length, excluding the siphon, of 
102mm. 

After occupying the Busycotypus shell for 6 weeks the 
Paguristes removed the other living Busycotypus from its 
shell. From May 14 to 17 the hermit crab pulled on the 
siphon and foot of the snail and poked up into the visceral 
mass of the snail with its legs. Finally, on May 17 the crab 
crawled into the space between the visceral mass and the 
shell and occupied the snail shell with the recently killed 
snail still well attached to the shell. Again there were no 
signs that the crab had eaten any part of the snail. The 
second snail killed by the crab had an aperture width of 
47mm and a shell length, excluding the siphon, of 113 
mm. 

From these observations I conclude that the crab was 
only interested in the snail for its shell and not as a food 
source. Of course, the conditions were somewhat artifi- 
cial in that Paguristes is a subtidal hermit crab ranging 
from Alaska to San Diego (McLaucuuin, 1974) and is 
not found in San Francisco Bay (Scumrrt, 1921). Thus 
it would not encounter Busycotypus which is only found in 
San Francisco Bay as a result of introduction from the East 
Coast of North America. However, Paguristes does en- 
counter Neptunea in the northern half of its range and 
although it did not succeed in removing the Neptunea 
from its shell, it might have, had it not been disturbed. 
Also, the Busycotypus may have been sick. BRIGHTWELL 
(1951, 1953) found that Eupagurus bernhardus was in- 
capable of ousting healthy Buccinum but readily removed 
sickly specimens from their shells. 

Behavior similar to that reported above for Paguristes 
turgidus has been reported in other hermit crabs. Purty- 
MUN (1971) reported on the hermit crab Aniculus strig- 
atus killing Conus pennaceus, eating the animal and then 
occupying the shell. MacaLHags (1948) observed hermit 
crabs attacking living Busycon at Beaufort, North Caro- 
lina. THompson (1903) observed hermit crabs occupy- 
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ing snail shells with the dead snail still in the shell and 
BratcHEr (1971) found a Pagurus in a living Polinices 
altus. 

Thus, active predation of hermit crabs on snails to ob- 
tain their shells could be a more common phenomenon 
than previously thought and could be an important source 
of new shells for hermit crab populations. 
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NOTES & NEWS 


Soviet Contributions to Malacology in 1975 


BY 


MORRIS K. JACOBSON 


AND 
KENNETH J. BOSS 


Museum of Comparative Zoology, Harvard University 
Cambridge, Massachusetts 02138 


WE CONTINUE HEREWITH the series of annual résumés of 
malacological papers published by Soviet colleagues 
which have appeared in the Notes & News Section for 
the last several years (see The Veliger 18 (4): 411 - 417). 
We list all the pertinent molluscan papers abstracted in 
the Referativnyy Zhurnal for 1975. These citations are 
arranged according to the subject allocations of the Refer- 
ativnyy. 

There were numerous studies in biochemistry, cytology 
and physiology but a lesser emphasis than usual on com- 
mercial aspects of molluscan fisheries. Although far fewer 
taxonomic novelties were introduced in 1975, some im- 
portant systematic changes appeared: Minichev proposed 
a new subclass, the Opisthopneumona, for the Soleolifera, 
Onchidiida and Rhodopida, and Slavoshevskya erected 
a new family, the Falsicingulidae in the Rissoacea. New 
lesser taxa include: a buccinid by Lus, a Xylophaga by 
Kudinova-Pasternak, a Deroceras by Skylar, and two 
Mysella by Skarlato & Ivanova. Golikov & Kusakin intro- 
duced new genera related to Cingula and Natica, respec- 
tively, while Nesis described a new genus and species of 
cheiroteuthid cephalopod. 

The results of several symposia, consisting of collections 
of short papers and abstracts on various aspects of the 
biology of marine mollusks appeared during the year (see 
BMIV, BRMA, and GBMO below). Certain of the more 
important items published in various journals include: 
Mateeva’s major paper on the life cycles and ecology of 
Arctic gastropods; Goryachev on Neptune in the Bering 
Sea; Nesis’ study of the cephalopods from the Caribbean 
Sea and Gulf of Mexico; Sirenko on the polyplacophoran 
Lepidozona; and Kafanov on the Cardiidae. Investiga- 
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tions of interest to biogeographers comprise: Filatova et 
al. on a new discovery of Neopilina in the Antarctic; 
Skarlato on the Soviet Pacific Shelf; Antipova on the 
Barents Sea; Zorina on Tonkin Gulf; Nikolaev on the land 
mollusks of the Russian North Central Highland; Pis- 
kunov on the buccinids of the Sea of Okhotsk. 

In short, a considerable amount of research is con- 
ducted annually in the Soviet Union, and we have en- 
deavoured to make some of this known to the concerned 
molluscan investigator in the West. 


Abbreviations and symbols we have used are: 


AN  - Akademiya nauk (Academy of Science) 

BMIV - Biologiya morskikh mollyuskov i iglokozhikh. - Biology 
of marine mollusks and echinoderms. Vladivostok. _ 

BRMA - Biologiya razvitiya morsk. organizov. - Biology of the 
development of marine organisms, Apatity (Kola pen- 
insula). 

ES — English summary. 

GBMO - Gydrobiologiya i biogeografiya shel’fov kholodn. i um- 
eren. vod Mirovogo Okeana., Leningrad, Nauka. - Hy- 
drobiology and biogeography of the cold and temperate 
shelf waters of the World Oceans. Leningrad, Science 
Press. 

GZ — Gidrobiol. Zhurnal (Hydrobiological Journal). 

IBV -— Issledovaniya po biologiya ryb i promysel okeanogr. - 
Studies on the biology of fish and on oceanographic 
fisheries. Vladivostok. (The number indicates the number 
of the article in these collected papers) 

LMA _ - Lietuvos TSR mosklu Akademija DARBAI (Trudy A- 
kademiya Nauk Litovskoi SSSR). Vilna. (Works of the 
Academy of Sciences of the Lithyanian Republic of the 
USSR) 

NTK -  Nauchnye trudy Kurskogo gosudarstvennyi pedagogi- 
cheskii institut. - Scientific studies of the governmental 
pedagogical institut of Kursk. 

SID - Sbornik Rabot Instityta biologiya morya Dal’nevost. 
nauch, tsentr. Akad. Nauk. SSSR. - Papers of the Marine 
Biological Institute of the Far Eastern Scientific Center, 
Academy of Science, USSR. 

TAN - Trudy Atlanticheskii nauchno-issledovatel’skii institut 
rybnogo khozyaistva i okeanografii. (Works of the Atlan- 
tic Research Institute of Fisheries and Oceanography) 

TRO - Trudy Instituta Okeanologii. Akademiya Nauk SSSR. 
(Works of the Institute of Oceanology, Academy of 
Science, USSR) 

TVNIIMRXO — Trudy Vsesoiuznoge Nauchno-Issledovatel’skogo 
Instituta morskogo rybnogo Khozyaistva i okeanografii. 
Articles of the All-Union Research Institute of Marine 
Fisheries and Oceanography _ 

VZ - Vopr. zoopsikhol. etol. i sravnit. psikhol. mosk. unc-t. 
Zoopsychological and etiological problems and compara- 
tive psychology, Moscow Univ. 

ZEBP —- Zhurnal Evolyutsionnoi biokhimii i fiziologii. (Journal 
of evolutionary biochemistry and physiology). 

ZZ — Zoologicheskii Zhurnal. (Zoological Journal) 
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GENERAL 


Darrrieva, E. F. « Ya. S. SHAPIRO 

1974. Granulated “metal-degid” - the intestinal effects of an 
active toxin [“‘Degid” prepared by the Proshim Co. in France]. 
Zapiski Leningradskogo s-kh. instituta 239: 110 - 113 

Gouixoy, A. N. & N. EF Smirnova 

1974. The stability of several gastropod and bivalve species in 
the Chupa Inlet of the White Sea to extreme environmental 
influences in relation to the evolution of resistance. Issled. fau- 
ny morei, Leningrad, Nauka 13 (21) : 307 - 319 [The effects of 

drying, freshwater invasion and extreme temperature were studied] 
Ivan’Kova, A. FE 

1974. Suitability of different organs of terrestrial mollusks ho- 
mogenized for disc-electrophoresis in polyacrilamide gel in 
systematic and populational analysis. Moscow Univ. (Manu- 
script Dep. in VINITI Jan. 30 1975, No. 227-75 Dep.) 

Karanoy, A. I. 

1974. Evolutionary changes in temperature toleration of marine 

bivalves in the North Pacific. BMIV, pp. 70-72 
Karazpusuxin, B. A. « Yu. P ALTUKHOV 

1974. Stable polymorphism in an isolated population of Littor- 
ina squalida of the Busse Lagoons from the Holocene climactic 
optimum to the present. BMIV, p. 61 [Comparing the pheno- 

typic and genotypic frequencies of Recent and subfossil samples, the 
authors suggest that for 2000 generations no displacement of gene- 
frequencies occurred in an isolated population of the snail Littor- 
ina squalida] 

Krasnoyv, E. V. et al. 

1974, Ratios of isotopes of calcium and magnesium in the shells 
of Pecten as indicators of the temperature conditions of their 
environments. BMIV, pp 88- 91 

Kupinsxg, O. Yu. 

1974. Zoogeographic regularity of odgenesis and the principles 
for selecting a subject for experimental investigation. BRMA, 
pp. 100-113 [Reasons are given why Testudinalia tessellata 

would make a satisfactory test animal for studies of odgenesis] 
Lazareva, A. I. « I. M. KHOKHUTKIN 

1974. Seasonal changes in the polymorphic structure of two 
populations of the terrestrial mollusk Bradybaena fruticum 
(Mill.). Ekologiya 6: 71 

SmeEnxko, B. I. 

1974. On the evolution of the chiton genus Lepidozona Pils- 

bry. BMIV, pp. 142 - 144 [The genus consists of 30 species in 
the North Pacific of which 15 were studied. Originating on the 
Asiatic coast in the Oligocene, Lepidozona spread along the Shelf. 
Some Recent species appeared in the Miocene in subtropical 
waters while certain species, such as L. nipponica, now distributed 
in the Yellow Sea and on the shores of Japan, appeared later. The 
high latitude polar species apparently arose at the end of the 
Pliocene in the relatively cold waters of the central Kuril Islands. 
In the nearby Aleutians, the Aleuto-Kamchatka species L. ima 
evolved, from which the American species, L. retiporosus, was de- 
rived. L. kobjakovae developed in the second half of the Pleisto- 
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cene in the northwestern part of the Sea of Okhotsk as a conse- 
quence of lowering temperature] 
Sumanoy, V. B. 

1975. Ammoniac saltpeter as a chemical control of mollusks on 
the marshy pastures of Tel’man Kolkhoz. Trudy Buryatskogo 
Instituta estestv. nauk. Buryat. Phil. Sib. otd. AN SSSR (Stud- 
ies of the Buriat Institute of Natural Sciences, Siberian Section, 
Academy of Sciences USSR) Vyp. 13, Zool. Ser., Vyp. 1, pp. 
72-74 


MORPHOLOGY 


Bosrova, I. F 

1974. Comparative study of the contractile apparatus in the 
smooth muscles of several bivalve mollusks. Sbornik rabot. In- 
stitut tsitol. Akad. Nauk. SSSR 16: 15-17 

Bosrova, I. F, V. EF Masuansxu « A. L. Drozpov 

1974. The nature of the ultra-structure of the contracting ap- 

paratus in adductors of marine bivalves. BMIV, pp. 15 - 17 
Ostroumovya, N. K. 

1975. Fine structure of the dorsal body and peripheral nerves 
of the giant land snail Achatina fulica. ZZ 54 (1): 119-212 
(ES) 

Raxov, V. A. 

1974. The morphology of the larvae of the Pacific oyster Crass- 

ostrea gigas Thun. IBV 5: 15-18 
Savirsxu, V. O. 

1974, Structure of the siphonal system of the Palaeotaxodonta 
(Bivalvia) and its significance for nuculanid systematics. BMI 
V, pp. 134 - 137 

SuiteyKko, L. V. « A. A. SHILEYKO 

1975. On the morphology of the proximal section of the sexual 
apparatus of the Stylommatophora (Gastropoda, Pulmonata). 
Nauk. dokl. vyssh. shkoly. Biol. nauki (Scientific report of the 
University of Biological Sciences) no. 1: 7-13 

StavosHEvskaya, L. V. 

1975. The morphology of the sexual apparatus of Falsicingula 
athera and the systematic placement of the genus Falsicingula 
Habe (Gastropoda, Rissoacea). ZZ 54 (4): 510-516 (ES) 

[Placed in new family, Falsicingulidae, distinguished sexually from 
Assimineidae] 
StumsBur, Ku. 

1975. Biometrical characteristics of the shell of Recent Nautilus. 
“ENSV tead. Akad. toimetised Kelmia geol.” Izv. geol. 24 (1) : 
80 - 90 (Esthonian, ES) 

Zuev, G. V. 

1975. Growth and measurement of the brain during ontogenesis 

of oceanic squids. Ekologiya no. 4: 70-73 


SYSTEMATICS ann FAUNISTICS 


AnTipova, T. V. 
1974. ‘The specific composition and distribution of the bivalves 
in the Barents Sea. GBMO, p. 85 [69 species in 23 families. 
25 Arctic and High Arctic, 20 boreal, the rest Arctic-Boreal] 
Asapov, S. M., N. N. AKramMovskn « D. G DzHABBAROV 
1975. A study of the land mollusks of the Lesser Caucasus in 
the Azerbaidzhan SSR. Isv. AN Azerbaidzhan SSR, Ser. biol. 
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n., no. 2: 100-106 
EvseEv, G. A. 
1974. The bivalve fauna of Vostok Bay in the Sea of Japan 
during the postglacial transgression. BMIV, pp. 42 - 43 
Finatova, Z. A., N. G. VinocraDova & L. I. MosKALEV 
1975. The neopiline mollusks (Class Monoplacophora) in the 
Antarctic. Okeanologiya 15 (1): 143-145 (ES) [Data on a 
new discovery of Neofilina in one of the trenches of the Scotia Sea 
in 4664-5631 m on the occasion of the 11 trip (1971-1972) of 
R/V Akademik Kurchatov] 
Gaxin, Yu. I. 
1974. Long term alterations of trochids (Gastropoda, Proso- 
branchia) in the Barents Sea. GBMO: 83 - 84 [Changes from 
1835 to 1973] 
Go.ixov, A. N. & O. G. Kusakin 
1974. Supplement to the testaceous Gastropoda fauna of the 
Kuril Island littoral. SID, no. 1: 289-299 (ES) [19 species 
new to the region were found including 2 new to science. Rectifica- 
tions in the distribution of 8 species are made. Two new genera: 
Boreocingula, type Cingula martyni, Dall and Boreonatica, type 
Natica clausa Broderip & Sowerby] 


1974. The littoral shelled gastropods of the Far Eastern seas of 
the USSR. BMIV: 33 - 34 [Details of species composition in 
the lower Boreal Ainska subregion of northern Japan and the high 
boreal Aleutian or Bering subregion are presented] 
GoryacHeEv, V. N. 

1974. The distribution of species of the genus Neptunea Bolten 
in the Bering Sea (Mollusca, Gastropoda, Prosobranchia). 
TVNIIMRXO 99: 133 - 142 (ES) 

Karanoy, A. I. 

1974. The composition, systematics and evolutionary history of 
Clinocardium (Mollusca, Cardiidae). ZZ 53 (10) : 1466 - 1476 
(ES) 


1974. Zoogeographic features and evolution of the Cardiidae 
fauna in the Arctic and temperate waters of the northern hem- 
isphere. GBMO, pp. 23 - 24 

KarapaeEva, S. D. 

1973. On the vertical distribution of mollusks (Bradybaenidae, 
Helicidae) in the Zailiskii Alatau. Biologiya i geografiya, Alma- 
Ata, pp. 104-109 

Kuumov, S. K. « V. L. YukHov 

1975. Mesonychoteuthis hamiltoni Robson, 1925 (Cephalopoda, 
Oegopsidae) and its significance in the diet of sperm whales 
in Antarctic waters. Antarktika. Dokladi Komis, vyp. 14, 
Moskva, Nauka, pp. 159 - 189 [Further descriptions and other 

investigations of this cephalopod first described from fragments in 
the stomach of a sperm whale] 
KRESTYANINOV, Yu. S. 

1975. The mollusks of the genus Pupilla Turton 1831 in the 
terrestrial malacofauna of Chelyabinsk Region (Mollusca, 
Gastropoda, Pupillidae). Vopr. zoologii 4, Chelyabinsk, pp. 
89 - 95 [Four species: Pupilla bigranata, P. triplicata, P. sterri, 

and P. muscorum] 
KupDINOVA-PASTERNAK, R. K. 

1975. Mbollusks of the genus Xylophaga (Bivalvia, Pholadidae) 
found in the wreckage of a sunken vessel in the Sea of Scotia. 
TRO 103: 179 - 182 [Xylophaga atlantica Richards, 1942 and 
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a new species, X. rhyabtshikovt were found in 1660 - 1664m] 
Kuoinsxu, O. Yu. 
1974. New data on the range of Testudinalia tessellata (Proso- 
branchia, Docoglossa). BRMA, pp. 114-118 [The species ex- 
tends further into the Arctic Region than previously suspected] 
Lus, V. Ya 
1975. A new species of mollusk, Tacita zenkevitchi (Buccini- 
dae), from the deep abyss of the Peru-Chile Trench, with a 
description of egg deposition and development stages. TRO 
103: 162 - 178 (ES) 
Martexin, P V.« A. FE Ivan’Kova 
1974. Species-specific esterase activity in albumens of several 
terrestrial mollusks (Bradybaenidae and Helicidae) detected 
by disc-electrophoresis. ZZ 53 (11): 1623-1629 (ES) 
MinicHeEv, Yu. S. 
1975. The systematic placement of the gastropod mollusks So- 
leolifera. Biol. Morya No. 1, pp. 31 - 38 (ES) [Withdrawn from 
Euthyneura and placed in a new subclass Opisthopneumona to 
include Onchidiida, Soleolifera, and Rhodopida] 
Nesis, K. N. 
1974. The squid families Ommastrephidae, Thysanoteuthidae, 
Onychoteuthidae and Gonatidae in the Pacific Ocean. BMIV, 
p. 114-117 


1974. The systematic [hierarchy] of Recent cephalopods. Biol. 
Mosk. o-va ispyt. prirod. Otd. biol. 79 (5): 81-93 (ES) 
1975. The cephalopods of the interior American seas. TRO 

100: 259 - 288 (ES) [Exploration took place in the Gulf of 
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THE HERMIT CRAB Pagurus hirsutiusculus (Dana, 1851) 
(Anomura: Paguridae) is a common inhabitant of both 
rocky and shelly substrates at Coyote Point Park on the 
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western shore of San Francisco Bay in San Mateo, Cali- 
fornia. On June 5, 1976, 230 individuals were examined 
below the bluffs at Point San Mateo and in rocky rubble 
near remains of the old pier at the northwestern end of 
Peninsula Beach during a 0.15m tide. Of these hermit 
crabs, 200 utilized empty shells of the mud snail I/yanassa 
obsoleta (Say, 1822), 26 inhabited shells of the oyster 
drill Urosalpinx cinerea (Say, 1822), 1 used a shell of 
the channeled whelk Busycotypus canaliculatus (Linnae- 
us, 1758), 3 small animals inhabited shells of the check- 
ered periwinkle Littorina scutulata Gould, 1849; and 1 
was found in the dactyl of a shed chela of the crab Can- 
cer sp. Individuals seen during collecting trips to inter- 
tidal areas at the park during 0.60m to —0.60m tides 
during 1970 to 1975 also usually inhabited shells of J. 
obsoleta or U. cinerea except for 8 animals found in 
shells of B. canaliculatus, 2 in shells of L. scutula, and 1 
in a shell of the black turban snail Tegula funebralis (A. 
Adams, 1855). 

It is noteworthy that almost all of the shells used by 
Pagurus hirsutiusculus belong to species introduced into 
San Francisco Bay from the Atlantic coast of the United 
States (Cartton, 1975). Packarp (1918) was the first 
to record Urosalpinx cinerea and Ilyanassa obsoleta from 
the vicinity of Point San Mateo. Scumrrr (1921) made 
the first notation of P hirsutiusculus at Point San Mateo. 
Assuming that the hermit crabs started using the shells of 
the introduced gastropods by 1921, the crabs have been 
using these shells for at least 55 years. 

What shells did the hermit crabs use as coverings before 
the arrival of the introduced gastropods? Scumrrrt (1921) 
related the presence of Pagurus hirsutiusculus in San 
Francisco Bay to the availability of shells of both the 
wrinkled thais Nucella lamellosa (as Thais lamellosa) and 
the dog whelk Nassarius mendicus (as Nassa mendica). 
During 1970 to 1976, only 3 individuals of Nucella lamel- 
losa were seen at Coyote Point, while no Nassarius men- 
dicus ever were found during the same interval of time. 

Other than Nucella lamellosa, 6 species of native gast- 
ropods occur at Coyote Point. Of these 6, the limpets 
Collisella digitalis (Rathke, 1833), C. pelta (Rathke, 
1833), and C. strigatella (Carpenter, 1864), and the 
western white slipper shell Crepidula nummaria Gould, 
1846 have shells that either are cap-shaped or boat- 
shaped, and are unsuitable for use by hermit crabs. Tegu- 
la funebralis is very rare at Coyote Point, being known 
from a single shell seen in 1974. The only native gastropod 
that is both common and has a suitable shell is Littorina 
scutulata. However, this species has a small shell, from 
8 to 13mm in height (McLean, 1969), while an average 
specimen of Pagurus hirsutiusculus from San Francisco 
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Bay measures 6 to 9mm along the carapace alone 
(Scumirt, 1921). 

If the numbers of native gastropods at Coyote Point 
today were similar to those found before the introduc- 
tion of the Atlantic gastropods, the hermit crabs of that 
time would have been limited almost entirely to inhabit- 
ing shells of Littorina scutulata. Shells of both Nucella 
lamellosa and Tegula funebralis would have been in short 
supply. The hermit crabs mostly would have been small 
animals, since larger ones, unable to withdraw complete- 
ly into the shells of L. scutulata, would have been easy 
prey for fishes and other predators. Under such condi- 
tions, the introduction of the Atlantic gastropods would 
have been very beneficial to the hermit crabs, enabling 
more of them to find the shelter needed to avoid preda- 
tion, and allowing them to grow to larger sizes. On the 
other hand, conditions at Coyote Point prior to 1921 may 
have allowed survival of a greater number of individuals 
of Nucella lamellosa, or even additional native species of 
gastropods, than today. Perhaps N. lamellosa gradually 
decreased in numbers, causing the hermit crabs to shift to 
introduced species for their principal source of shells. Un- 
fortunately, there are no records of mollusks at Coyote 
Point that can be used for comparison, because the list 
compiled at the Coyote Point Museum of marine inverte- 
brates at Coyote Point was begun in 1970. There still are 
no quantitative records of mollusks at Coyote Point. It is 
evident today, however, that the availability of the shells 
of introduced mollusks is an essential part of the require- 
ments of Pagurus hirsutiusculus at Coyote Point. 
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Crawrorp Cate has been diligently publishing a series 
of reports on families of the Cypraeacea, the latest being 
on the Eratoidae in the last issue of The Veliger (vol. 19, 
no. 3, pp. 341 - 366, 15 plts., 13 text figs., 1 Jan. 1977). 
In these reports he sets for himself the difficult task of 
assembling authentic or type figures of the included spe- 
cies, reviewing their taxonomic status, and updating what 
is known about geographic distribution. Anyone who has 
attempted a study of the sort knows how much time and 
effort must go into the needed correspondence, just to 
discover where (if extant) the type specimens are housed 
and then whether they have been rightly interpreted by 
later workers. Few museums are willing to lend types. 
Thus, further negotiations must be made to get photo- 
graphs and some assessment of the type lots that have 
been located. One cannot but marvel at Mr. Cate’s per- 
sistence in following through on this project. 

It is unfortunate, however, that the completion of this 
latest paper came at a time when I was temporarily in- 
valided, and both he and the editor felt I must be spared 
the task of examining the manuscript (although my help 
was graciously cited in the acknowledgments). Had I 
seen the paper at that stage, I might have caught some of 
the questioned items, and thus some of the comments that 
I now have to make might have been avoided. It is with 
real regret that I have to challenge some of Mr. Cate’s 
conclusions, but in fairness to those who will be using the 
paper, I feel I must speak a few words of caution. 

Most of the synonymies have been adopted from Schil- 
der’s monumental catalogue of 1971. Schilder developed 
a compact style of his own, and one must continually go 
back to his introductory paragraphs to unscramble the 
entries in his catalogue and recast them in conventional 
form. Usually Cate has done this, but sometimes not 
completely enough. For example, under species no. 1, 
Proterato lachryma, the third entry in the synonymy 
should read, 
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1832 Lachryma trifasciata Sowerby™, .. 15. [In- 
valid, proposed only in synonymy of Erato lach- 
ryma.| 

In order to clarify the synonymy of species no. 2, the fifth 
entry under species no. 1 should read, 

1877 “Erato angiostoma Sowerby, 1832.” Angas ... 
[Spelling error and misidentification; not E. an- 
gistoma Sowerby. ] 

The last entry for species no. 1 should read, 

1932 Lachryma trifasciata Cotton « Godfrey, ex 
Sowerby, MS ... 

For species no. 2, there seems to be a typographical 
error in the first entry. Should it not be Erato angistoma, 
as in the center head? Also, a cross-reference to the er- 
roneous use of the name might well be included as a 
third entry: 

1877 “Erato angiostoma.” Angas 
and misidentification. ] 

Under species no 5, one should delete the name com- 
bination Proterato lepida, for Schilder did not use it in 
the reference cited. He merely indicated by use of a 
question mark the possibility that Marginella lepida 
Gould, 1860 [not 1861, as cited by Cate] might prove to 
be the same as his P tomlini. Evidently Schilder had not 
seen Johnson’s 1964 figure of Gould’s type (refigured by 
Cate). Unfortunately, Cate did not elaborate on this in 
his discussion. One should also delete “Proterato lepida” 
in the plate explanation. 

The use of a place-name as a specific name (no. 11, 
page 348) is unconventional, but now that it has been 
published seems not amenable to emendation. According 
to the International Code of Zoological Nomenclature, 
specific names based on geographic place-names are ei- 
ther adjectives with an appropriate ending (-ensis pre- 
ferred, though -anus is often used) or a noun in the geni- 
tive. From Geralia one would thus derive either the ad- 
jectival geraliensis (or possibly geraliana) or the noun in 
apposition, geraliae. 

Under paragraph 23 on page 354 -- as Dr. Eugene 
Coan has brought to my attention -- Mr. Cate’s accept- 
ance of the name Lachryma from Schilder’s cryptic cita- 
tion introduces a serious problem. Until the status of 
that name is resolved, his proposal of a new generic taxon 
cannot be justified. According to the Nomenclator Ani- 
malium Generum et Subgenerum of Neave, Lachryma 
may be attributable to Reeve, 1842. Schilder, however, 
considered the name invalid, as having been proposed only 
in synonymy. One would have, however, to examine all 
of the usages between Sowerby’s in 1832 and Iredale’s in 
1931 to make sure that no author supplied indications re- 
quired under our International Code (Art. 11[d] and 
Art. 13). A case might be made for Iredale’s usage, how- 
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ever inadvertent it may have been, for he obviously ac- 
cepted the name as having already been proposed. If so, 
the sole species he cited is the one Mr. Cate chose as 
type of his new unit, which would therefore fall as an 
absolute synonym. 

The synonymies for species nos. 29 and 30 are strangely 
intertwined. Three of the entries, for 1845, 1879, and 
1933, are identical, or virtually so, in both. Either the 
first two entries for species 30 should not have been in- 
cluded (for Cate demonstrates that these are to be rejected 
as marginellids) or, if the names are cited, they should be 
preceded by the word “Not.” Schilder had allocated 
Marginella cypraeoides Anton, 1839, to the synonymy of 
Erato voluta, but Cate evidently disagrees. His statement 
under the entry for E. (?) cypraeoides C. B. Adams, 1845, 
on page 357 indicates that this is not an Erato. Thus, it, too, 
should be preceded by “‘Not” and not repeated on page 
358. Erato laevis Weinkauff is shown on page 357 to be 
a secondary homonym, information not repeated on page 
358. Since Schilder credits the name E. donovani to Pay- 
raudeau, his misidentification of the species does not make 
the name available for use here. Article 49 of the ICZN 
Code clearly contravenes this. One wonders whether there 
really are two biologic entities involved. Perhaps the at- 
tempt to divide is part of the cause of confusion. But if 
they are separable, the earliest name for the second one, 
on the evidence provided by Cate, would be Marginella 
cypraeoides Anton, 1839, although Schilder was of the 
opinion it is a synonym of E. voluta s.s. Anton’s material 
has been difficult to interpret, and evidently Cate has not 
located the type lot. Should Anton’s material be found 
and prove to be Erato voluta s. s., then the next available 
synonym would seem to be E. minor Pallary, 1900, but 
according to Schilder, this is a primary homonym (not 
E. minor Tate, 1878). In any case, this form cannot prop- 
erly be cited as E. voluta donovani, whether attributed 
to Payraudeau (because his type is a marginellid) or to 
any later author. 

Although in species no. 37, page 361, Cate has lumped 
Erato panamensts with Hespererato columbella, he surely 
did not intend to omit mention of recent citations and fig- 
ures of the former. One would like to suggest the following 
additions to the synonymy: 

1963 Erato ? maugeriae panamensis Carpenter. Pat- 
MER, Bulls. American Paleontology 46 (211): 
345 (reprint of original description). 

1968 Erato (Hespererato) panamensis. Keen, The 
Veliger 10 (4): 439; plt. 58, figs. 66a-b (descrip- 
tion of type lot in the B. M.) 

Dr. Coan comments that the date of Erato leucophaea 
Gould is 1853, not 1852. 
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On page 363, under species no. 38, the first line of the 
synonymy seems to have been lost in the press-room. It 
probably read: 

1933 Hespererato marginata galapagensis Schilder, 

Proc. Malacol. Soc. ... 

Also, for this species, the type locality is quoted as “Albe- 
marle Island, Galdpagos, leg. Tagus Coxe.” I feel con- 
fident that this is in part a misreading of a locality label 
by Schilder or some other European worker. The principal 
indentation on Albemarle is Tagus Cove, a well-known 
collecting locality. That anyone named “Tagus Coxe” 
should have been collecting there seems highly improb- 
able, but misreading “Coxe” for “Cove” is easily credible. 

Relative to the last paragraph on page 362, column 1, 
Dr. Coan points out (and I agree) that a lectotype for 
this species could only be selected from among Menke’s 
specimens, which presumably - - if extant at all - - would 
be somewhere in Germany. A British Museum figured 
specimen, even of a form Menke compared to his, 
would not have standing other than as a hypotype. 

Under species no. 40, page 364, Cate does not list one 
synonym that Schilder has cited: Marginella cypracola 
Sowerby, 1832, Proc. Zool. Soc. London, vol. 2, p. 57. 
The name, however, is not available for use as it proves 
to be a secondary synonym of Voluta cypraeola Brocchi, 
1814, which is also an Erato. The type locality for species 
40 is quoted as “Brought by Mr. Cuming from St. Ele- 
na ...” Cate interprets this, in square brackets, as the 
Bahia Sta. Elena in northwestern Costa Rica. Because of 
Cuming’s long sojourn in northern South America, it is 
much more likely that the shells came from St. Elena 
(now Salinas), Ecuador, where Cuming stayed for some 
time. Much of Cuming’s material from north of Panama 
was collected by others for him. 

Dr. Coan having expressed some perplexity over the 
citations of Marginella granum as synonyms, I have con- 
sulted Kiener’s original work. His figure of what he 
calls Marginella granum is very similar in outline and 
in ornamentation to Cate’s figure 50. However, Cate’s 
figure 53, presumably of the holotype, is of a Margineila; 
no question on that. Kiener’s description mentions and 
his figure shows strong surface granulation, and his shell 
had a pointed spire and weak denticles along both 
apertural margins. On the other hand, the surface in the 
shell of figure 53 is smooth, the spire blunt, and there are 
strong columellar folds, not mere denticles. One suspects, 
therefore, either a mixing of labels or that Kiener had 
more than one specimen at hand. His cited size, 3 X 2 
mm, is small for an Erato. The stated type locality - - St. 
Helen - - is no help. Schilder’s listing of the species was as 
a synonym of Hespererato scabriuscula; he did not actual- 
ly use the combination H. granum. 
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In spite of these criticisms, I close by offering a word of 
commendation for the high-quality illustrations Cate has 
provided. They should greatly facilitate the identification 
of these rather difficult little shells. 


CORRECTION 


by Crawford N. Cate 


In The Veliger 19 (2): 160, the author inadvertently 
credited B. Draper as having taken the photographs of 
Figures ¢ to 4c. The credit should have been given to Rod 
and Pat Armes, Fort Lauderdale, Florida. Mr. Draper 
should be credited only with enlarging and printing the 
black and white photographs from the original color film 
slide transparencies sent to me by Mr. and Mrs. Armes. 


ANNUAL MEETING 
or THE AMERICAN SOCIETY or ZOOLOGISTS 
anD SOCIETY or SYSTEMATIC ZOOLOGY 
HOSTED BY : 
THE CANADIAN SOCIETY or ZOOLOGISTS 


THE ANNUAL MEETING of the American Society of Zoolo- 
gists and the Society of Systematic Zoology hosted by 
the Canadian Society of Zoologists will be held December 
27-30, 1977 in Toronto, Canada at the Royal York 
Hotel. 

The following symposia are planned: Comparative 
Heart Physiology; Developmental and Evolutionary As- 
pects of Brain Endocrine Function; Antigen Recognition; 
Comparative Tumor Immunology; Comparative Auto- 
Immune Disease Models; Vertebrate Appendage Regen- 
eration; Polyamines in Embryonic Development; Neuro- 
muscular Interactions; Marine Larvae: Metamorphosis 
and Settlement; Nectar Feeding in Birds; Adaptations to 
Adverse Environments; Physical Events that Affect Bio- 
tic Patterns; Evolutionary Mechanisms and Processes; 
and Phenetic and Phylogenetic Concepts and Methods of 
Classification. 

A call for contributed papers will be issued in April, 
1977. For more details and forms write to: Ms. Mary 
Wiley, American Society of Zoologists, Box 2739, Cali- 
fornia Lutheran College, Thousand Oaks, CA 91360. 
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CALIFORNIA MALACOZOOLOGICAL SocIETY, Inc. 
announces 


Backnumbers of 
THE VELIGER 


and other publications 


Volumes 1 through 8: out of print 


Volume 9: $22.- Volume 10: out of print 
Volumes 11 and 12: out of print 
Volume 13: $24.- Volume 14: $28.- 
Volume 15: $28.- Volume 16: $32.- 
Volume 17: $34.- Volume 18: $34.- 
Volume 19: $34.- 


We now have a limited number of volumes 9, 11, 13, 14 
to 18 available bound in full library buckram, black with 
gold title. These volumes sell as follows: Volume 9 at $27.-; 
Volumes 11 and 13 at $29.- each; Volumes 14 and 15 at 
$33.-; Volume 16 at $38.-; Volumes 17 and 18 at $41.75; 
to this we must add a handling charge of $2.75 per volume 
for shipment to domestic addresses and $4.75 for shipment 
to any foreign address. Further, we must collect the appro- 
priate amount of sales tax on the price of the bound vol- 
umes sold to California residents. 


Supplements 


Supplement to Volume 3: $6.-* plus handling charge 
{Part 1: Opisthobranch Mollusks of California 
by Prof. Ernst Marcus; 

Part 2: The Anaspidea of California by Prof. R. Beeman, 
and The Thecosomata and Gymnosomata of the Cali- 
fornia Current by Prof. John A. McGowan] 

[The two parts are available separately at $3.- each plus 
a handling charge (see below). If purchased separately, 
each part is subject to the California State sales tax if 

mailed to California addresses]. 

Supplement to Volume 6: out of print. 

Supplement to Volume 7: available again; see announce- 
ment below. 

Supplement to Volume 11: $6.-* plus handling charge. 
[The Biology of Acmaea by Prof. D. P. Assorr et al., ed.] 
Supplement to Volume 14: $6.-* plus handling charge. 
[The Northwest American Tellinidae by Dr. E. V. Coan] 
Supplement to Volume 15: $15.-* plus handling charges 
as follows: $1.50 for addresses in the United States of A- 
merica; $3.00 for all other addresses. 

[A systematic Revision of the Recent Cypraeid Family 
Ovulidae by Crawrorp Neri Cate] 
Supplement to Volume 16: $8.-* plus handling charge. 
[The Panamic-Galapagan Epitoniidae by Mrs. Helen 
DuShane] 
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Supplement to Volume 17: $3.-* plus handling charge. 
[Growth Rates, Depth Preference and Ecological Succes- 
sion of Some Sessile Marine Invertebrates in Monterey 
Harbor by Dr. E. C. Haderlie] 
Supplement to Volume 18: $10.-* plus handling charge. 
[The Biology of Chitons by Robin Burnett e¢ al.]. 


(Our supply of this supplement is exhausted; however, 
copies may be available by making application to the 
Secretary, Hopkins Marine Station, Pacific Grove, Cali- 
fornia 93950.) 


Unless otherwise specified, the following guidelines for 
estimating the handling charges should be used: Mini- 
mum for U.S. A. $2.-. If an order is for 2 or more items, 
add $0.40 for each. Minimum for all foreign countries 
$4.-; add $0.55 for each item in addition to the first one. 
These charges reflect the latest increases in fees by the U. 
S. Postal Service. 

These handling charges must, however, remain subject 
to change without prior notice, depending on the vagaries 
of rate-fixing by the postal service. 


Items marked with * are subject to sales tax in the State 
of California; residents of that State please add the 
appropriate amount to their remittances. 


Prices subject to change without notice. 


Send orders with remittance to: 


Mrs. J. DeMouthe Smith, Department of Geology, Cali- 
fornia Academy of Sciences. Golden Gate Park, San Fran- 
cisco, California 94118. Please make remittance payable 
to C. M.S., Inc. in U. S. $, net and free of any fees to the 
Society. 


Shipments of material ordered are made once a month. 


We are forced to adopt this measure because of the con- 
tinual cut-back in personnel at the U. S. Post Office 
with the amount of time wasted standing in line having 
increased to intolerable lengths. Since it requires the same 
amount of time to mail 20 packages as it takes to mail 
one, the saving of time by our reduced mailing schedule 
is obvious. It becomes glaringly obvious that with the 
increase in postage rates and fees, the service is deteriora- 
ting at increasing rapidity. Although we spend much of 
our time complaining, one voice is not enough to bring 
about a change. 


Subscription rate to Volume 20 remains the same. 


Affiliate Membership for the fiscal year 1976/1977 has 
been set again at US$ 12.- plus the announced postage 
charges. 

Membership dues for the year 1977/’78 remain the same. 
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We must emphasize that under no condition can we ac- 
cept subscription orders or membership applications for 
calendar year periods. If “split volumes” are required, 
we must charge the individual number costs. Individual 
issues sell at prices ranging from US$12.- to US$20.-, 
depending on the cost to us. 


Effective January 1, 1967 there will be an initiation fee 
of $2.- for persons joining the Society. 


Backnumbers of the current volume will be mailed to new 
subscribers, as well as to those who renew late, on the 
first postal working day of the month following receipt of 
the remittance. The same policy applies to new members. 


A Glossary of A Thousand-and-One Terms 
Used in Conchology 
by WiniFreD H. ARNOLD 


originally published as a supplement to volume 7 of the 
Veliger has been reprinted and is now available from 
The Shell Cabinet, Post Office Box 29, Falls Church, 
Virginia 22046, U. S. A. The cost is US$ 3.50 postpaid 
if remittance is sent with the order. 


WE ARE PLEASED to announce that an agreement has 
been entered into by the California Malacozoological 
Society, Inc. with Mr. Steven J. Long for the production 
and sale of microfiche reproductions of all out-of-print 
editions of the publications of the Society. The microfiches 
are available as negative films (printed matter ap- 
pearing white on black background), 105mm x 148mm 
and can be supplied immediately. The following is a list 
of items now ready: 


Volume 1: $1.50 | 
Volume 2: $3.00 
Volume 3: $3.00 


Volume 6: $4.50 

Volume 7: $6.00 

Volume 8: $6.00 

Volume 4: $4.50 | Volume 10: $9.00 

Volume 5: $4.50 Volume 11: $9.00 
Volume 12: $9.00 

Supplement to Volume 6: $1.50; to Volume 18: $3.00 


California residents please add the appropriate amount 
for sales tax to the prices indicated. 

Please, send your order, with check payable to Opistho- 
branch Newsletter, to Mr. Steven J. Long, P O. Box 243, 
Santa Maria, CA 93454. 

Volumes and Supplements not listed as available in 
microfiche form are still available in original edition from 
the Society at prices indicated elsewhere in the NOTES & 
NEWS section. 


WE CALL THE ATTENTION oF our 


foreign correspondents to the fact that bank drafts or 
checks on banks other than American banks are subject 
to a collection charge and that such remittances cannot be 
accepted as payment in full, unless sufficient overage is 
provided. Depending on the American banks on which 
drafts are made, such charges vary from a flat fee of $1.- 
to a percentage of the value of the draft, going as high 
as 33%. Therefore we recommend either International 
Postal Money Orders or bank drafts on the Berkeley 
Branch of United California Bank in Berkeley, California. 
This institution has agreed to honor such drafts without 
charge. UNESCO coupons are NOT acceptable except 
as indicated elsewhere in this section. 


Regarding UNESCO Coupons 


We are unable to accept UNESCO coupons in payment, 
except at a charge of $4.25 (to reimburse us for the ex- 
penses involved in redeeming them) and at $0.95 per $1.00 
face value of the coupons (the amount that we will receive 
in exchange for the coupons). We regret that these char- 
ges must be passed on to our correspondents; however, 
our subscription rates and other charges are so low that 
we are absolutely unable to absorb additional expenses. 


Supplements 


Many of our members desire to receive all supplements 
published by the Society. Since heretofore we have sent 
supplements only on separate order, some members have 
missed the chance of obtaining their copies through over- 
sight or because of absence from home. It has been sug- 
gested to us that we should accept “‘standing orders” from 
individuals to include all supplements published in the 
future. After careful consideration we have agreed to the 
proposal. We will accept written requests from individuals 
to place their names on our list to receive all future sup- 
plements upon publication; we will enclose our invoice 
at the same time. The members’ only obligation will be 
to pay promptly upon receipt of the invoice. 

Requests to be placed on this special mailing list should 
be sent to Mrs. J. DeMouthe Smith, Manager, C. M.S., 
Department of Geology, California Academy of Sciences, 
Golden Gate Park, San Francisco, CA(lifornia) 94118. 
However, until further notice, we are suspending the pub- 
lication of supplements until it will be reasonably certain 
that we will not be forced to spend many hours in tracing 
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of lost insured or registered parcels and entering claims 
for indemnification. The special mailing list of members 
and subscribers who have entered an “including all sup- 
plements” will be preserved because of our innate opti- 
mism that sometime within our lifetime the postal services 
throughout the world will return to the former excellent 
and reliable performance. 


CALIFORNIA 
MALACOZOOLOGICAL Society, Inc. 


is a non-profit educational corporation (Articles of In- 
corporation No. 463389 were filed January 6, 1964 in 
the office of the Secretary of State). The Society publishes 
a scientific quarterly, the VELIGER. Donations to the 
Society are used to pay a part of the production costs and 
thus to keep the subscription rate at a minimum. Donors 
may designate the Fund to which their contribution is 
to be credited: Operating Fund (available for current 
production) ; Savings Fund (available only for specified 
purposes, such as publication of especially long and signi- 
ficant papers); Endowment Fund (the income from 
which is available. The principal is irrevocably dedicated 
to scientific and educational purposes). Unassigned dona- 
tions will be used according to greatest need. 


Contributions to the C. M.S., Inc. are deductible by 
donors as provided in section 170 of the Internal Revenue 
Code (for Federal income tax purposes). Bequests, lega- 
cies, gifts, devices are deductible for Federal estate and 
gift tax purposes under section 2055, 2106, and 2522 of 
the Code. The Treasurer of the C. M. S., Inc. will issue 
suitable receipts which may be used by Donors to substan- 
tiate their respective tax deductions. 


Membership open to individuals only - no institutional or 
society memberships. Please send for membership ap- 
plication forms to the Manager or the Editor. 


Membership renewals are due on or before April 15 
each year. If renewal payments are made after April 15 
but before March 15 of the following year, there will be 
a re-instatement fee of $1.-. Members whose dues pay- 
ments (including the re-instatement fee) have not been 
received by the latter date, will be dropped from the rolls 
of the Society. They may rejoin by paying a new initiation 
fee. The volume(s) published during the time a member 
was in arrears may be purchased, if still available, at the 
regular full volume price plus applicable handling charges. 


Endowment Fund 


In the face of continuous rises in the costs of printing 
and labor, the income from the Endowment Fund would 
materially aid in avoiding the need for repeated upward 
adjustments of the membership dues of the Society. It 
is the stated aim of the Society to disseminate new infor- 
mation in the field of malacology and conchology as widely 
as possible at the lowest cost possible. 

At a Regular Membership meeting of the Society in No- 
vember 1968 a policy was adopted which, it is hoped, 
will assist in building up the Endowment Fund of the 
Society. 

An issue of the journal will be designated as a Memorial 
Issue in honor of a person from whose estate the sum of 
$5000.- or more has been paid to the Veliger Endowment 
Fund. If the bequest is $25 000.- or more, an entire volume 
will be dedicated to the memory of the decedent. 


Moving? 


If your address is changed it will be important to notify 
us of the new address at least six weeks before the 
effective date, and not less than six weeks before our 
regular mailing dates. Because of a number of drastic 
changes in the regulations affecting second class mailing, 
there is now a sizeable charge to us on the returned 
copies as well as for our remailing to the new address. 
We are forced to ask our members and subscribers for 
reimbursement of these charges; further, because of 
increased costs in connection with the new mailing plate, 
we also must ask for reimbursement of that expense. 
Effective January 8, 1968 the following charges must be 
made: 


change of address - $1.- 

change of address and re-mailing of a returned issue 

— $2.75 minimum, but not more than actual costs to us. 
We must emphasize that these charges cover only our 
actual expenses and do not include compensation for 
the extra work involved in re-packing and re-mailing 
returned copies. 


In view of the ever increasing difficulties in the postal 
service, it is essential that members and subscribers not 
only give us prompt and early notice of address changes, 
but that proper arrangement for forwarding of our jour- 
nal be made with the local post office (at the old address). 


Page 452 


At present we are charged a minimum fee of $12.50 
on each order for new addressograph plates. For this rea- 
son we hold off on our order until 6 weeks before mailing 
time, the very last moment possible. If, for any reason, 
a member or subscriber is unable to notify us in time and 
also is unable to make the proper arrangement with the 
Post Office for forwarding our journal, we will accept 
a notice of change of address, accompanied by the proper 
fee and a typed new address on a gummed label as late 
as 10 days before mailing time. We regret that we are 
absolutely unable to accept orders for changes of address 
on any other basis. In view of the probable further cur- 
tailment in the services provided by the Postal Service, we 
expect that before long we may have to increase these 
time intervals. 


Claims for defective or missing pages must reach us 
within 60 days from the publication date. We will not 
respond to claims of missing issues made less than 30 
days by domestic addressees, or less than 60 days by foreign 
addressees after the publication date of our journal issues. 
This refusal is necessary as we have received an increasing 
number of “claims” as much as 6 months before the 
claimed issue was to be published. We wish to conserve 
our energy and the cost of postage and stationery for more 
productive purposes. 


Important News 


If the address sheet of this issue is PINK, it is to indicate 
that your dues remittance had not arrived at the time the 
mailing was prepared (i. e., by March 1, 1977). We wish 
to take this opportunity to remind our Members that a 
reinstatement fee of one dollar becomes due if member- 
ship renewals have not been received by C.M.S., Inc. 
by April 15, 1977. However, in view of the unreliability of 
the postal service, members should not be alarmed by this 
notice as their remittances may be received between the 
first of March and the date of mailing this issue on April 1. 
From overseas addresses we must allow a minimum of 6 
weeks for surface mail. On the other hand, it is possible 
that the envelope and dues notice enclosed between pages 
342 and 343 of the January issue have escaped your atten- 
tion. If so, now is the time to use them to avoid interrup- 
tion in the delivery of this periodical. 
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Publication Date of THE VELIGER 


THE PUBLICATION DATE of The Veliger is the date printed 
on the index page; this applies even if the date falls on a 
legal holiday or on a Saturday or Sunday, days when the 
U.S. Postal Service does not expedite second class mail 
matter. That the printed date is the actual date of pub- 
lication under the rules of the International Commission 
on Zoological Nomenclature is based on the following 
facts: 1) The journal is delivered to the Post Office on 
the first day of each quarter, ready for dispatch; 2) at 
least three copies are mailed either as first class items or 
by air mail; 3) about 20 copies are delivered in person 
to the mail boxes or to the offices of members in the 
Berkeley area; 4) two copies are delivered to the re- 
ceiving department of the General Library of the Univer- 
sity of California in Berkeley. Thus our publication is 
available in the meaning of the Code of the ICZN. The 
printed publication date, therefore, may be relied upon 
for purposes of establishing priority of new taxa. 


REGARDING POSTAL SERVICE 


It is general knowledge that in spite of the optimistic 
statements made in the propaganda disseminated by the 
U. S. Postal Service, the service continues to deteriorate. 
Regrettably, however, the United States of America is not 
alone in this respect. Evidence is accumulating in our 
offices to the effect that irregularities occur in other coun- 
tries as well; to our surprise, Japan is one of these. Since 
we have designed a system which makes it impossible to 
omit mailing copies of our journal to any member or sub- 
scriber who is paid up, and because of the regulations 
pertaining to the second class mailing permits, we know 
that if a copy does not reach the addressee, the fault lies 
with the postal system of the country or area of destina- 
tion. Our complaints to the local Post Office can bear no 
fruit in such cases. We must request our members and sub- 
scribers to inquire at their local post offices if their copies 
do not arrive. We cannot replace lost copies free of charge 
and, unless the journal were mailed by insured post, the 
Post Office will not indemnify the injured party. The 
losses we have sustained in the past years have been 
mounting steadily and not in proportion to our increased 
circulation. 
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To Prospective Authors 


Postal Service seems to have detericrated in many other 
countries as well as in the United States of America. Since 
we will absolutely not publish a paper unless the galley 
proofs have been corrected and retuned by the authors, 
the slow surface mail service (a minimum of 6 weeks from 
European countries, 8 to 12 weeks from India and Africa) 
may make a delay in publication inevitable. We strongly 
urge that authors who have submitted papers to the Veli- 
ger make all necessary arrangements for expeditious read- 
ing of the proofs when received (we mail all proofs by air 
mail) and their prompt return by air mail also. 

Since we conscientiously reply to all letters we actually 
receive, and since we experience a constant loss in insured 
and registered mail pieces, we have come to the conclusion 
that if a correspondent does not receive an answer from 
us, this is due to the loss of either the inquiry or the reply. 
We have adopted the habit of repeating our inquiries if 
we do not receive a reply within a reasonable time, that 
is 6 weeks longer than fairly normal postal service might 
be expected to accomplish the routine work. But we can 
not reply if we have never received the inquiry. 

Because of some distressing experiences with the Postal 
Service in recent years, we now urge authors who wish 
to submit manuscripts to our journal to mail them as 
insured parcels, with insurance high enough to cover the 
complete replacement costs. Authors must be prepared 
to document these costs. If the replacement costs exceed 
$200.-, the manuscript should be sent by registered mail 
with additional insurance coverage (the maximum limit 
of insurance on parcel post is, at present, $200.-). We are 
unable to advise prospective authors in foreign countries 
and would urge them to make the necessary inquiries at 
their local post offices. 

We wish to remind prospective authors that we have 
announced some time ago that we will not acknowledge 
the receipt of a manuscript unless a selfaddressed stamped 
envelope is enclosed (two International Postal Reply 
Coupons are required from addresses outside the U.S. 
A.). If correspondence is needed pertaining to a manu- 
script, we must expect prompt replies. If a manuscript is 
withdrawn by the author, sufficient postage for return by 
certified mail within the U.S.A. and by registered mail to 
other countries must be provided. We regret that we must 
insist on these conditions; however, the exorbitant in- 
creases in postal charges leave us no other choice. 
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We are willing to accept requests for expediting our 
journal via AIR MAIL; however, in that case we must 
ask for an additional payment of US$8.00 in all cases 
where the Veliger goes to domestic addresses, and a depos- 
it of US$18.00 for all foreign addresses (including PUAS). 


METHODS & TECHNIQUES 


Artifacts Incurred by the Treatment 
of Acmaeid Radulae with Alkalies 


BY 


DAVID R. LINDBERG 


Department of Invertebrate Zoology 
California Academy of Sciences 
San Francisco, California 94118 


(1 Text figure) 


THE TREATMENT OF RADULAE with alkalies to remove as- 
sociated tissue or teeth has been described in a number of 
publications, including: Assotr (1954), FrrrcHMAN 
(1960b), Grant (1937), Knupsen (1966), Rapwin 
(1969), and Turner (1960). All the techniques are quite 
similar in methods and materials. The alkali generally 
used is sodium hydroxide (NaOH) or potassium hydrox- 
ide (KOH) and the radula is treated in either a cold or 
hot solution, the latter being more commonly used. 

Reference to artifacts produced by the use of caustic 
alkalies on chitinous structures was made as early as 1851 
by Leuckart and more recently by Risso-DoMINGUEZ 
(1961). The basic problems are: 1) the varying degrees 
of shrinkage of the radular ribbons and 2) the dissocia- 
tion of the teeth from the radular ribbon. 

In the course of preparing acmaeid radulae, the author 
used standard techniques as described by the aforemen- 
tioned authors. As illustrated in Figures 1a and 1b, the 
resulting radular ribbons of Collisella scabra (Gould, 
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Figure 1 


a) Segment of radular ribbon of Collisella scabra (Gould, 1846) 
prepared with “hot” potassium hydroxide (KOH). Artifacts illlus- 
trated: Anterior Divergence = AD; First Lateral Plate Overlap 
= FLPO; Spatulum Overlap = SO; Ribbon Margin = RM. 
Width of ribbon approximately 0.25mm 
b) Adjacent segment of radular ribbon prepared with “cold” 
KOH. General structures of radular ribbon illustrated: First Lateral 
Plate = FLP; Second Lateral Plate = SLP; Third Lateral Plate 
= TLP; Uncinus = U; Ventral Plate = VP. 


1846) show significant differences. Figure 1a illustrates a 
section of radula treated with hot KOH as per FrircH- 
MAN (1960b) and Figure 1b illustrates an adjacent 
section of the same radula treated with cold KOH. The 
shrinkage in Figure 1a is evidenced by the crowding of 
the basal plates and the wavy radula margin from the 
contraction of the ribbon. Figure 1b shows little or no 
shrinkage with the basal plates being equally spaced and 
uncrowded. 

In acmaeid radular work the implications of these 
artifacts are quite important. Grant (1937) demon- 
strated the species-specific characters of the acmaeid rad- 
ula and proposed identification techniques based on the 
radula. FrrrcumMan (1960a) further defined characters 
and recognized Acmaea paradigitalis Fritchman, 1960 
[= Collisella strigatella (Carpenter, 1864)] by its radu- 
lar characteristics. More recently, McLean (1966). 
Mosxatev (1970), Gotikov « Kussaxin (1972) and 
CuristiaENsS (1975) have used radular characters to 
determine species, subgenera, and genera. 

It is imperative that characters that may be altered by 
shrinkage [7.e., degree of overlap of various plates or 
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divergences created by overlaps (Figure 1a)] be used with 
caution in taxonomic works. Instead, characters such as 
lateral plate shapes and tooth shapes (cf: McLean, 1966: 
30) should be given more weight as they appear unaltered 
by shrinkage of the ribbon. 

Currently, the use of warm KOH (not boiling) is pre- 
ferred by the author for the removal of tissue and teeth as 
the results are more consistent and predictable. The cold 
KOH technique has been found to yield poor results, the 
greatest difficulty being in judging the correct immersion 
time in KOH. Too long an immersion separates the lateral 
plates from the ventral plates and too short an immersion 
time will not separate the teeth from the lateral plates. 

A new technique, using alkylene polyamines to isolate 
the radula has been presented by Risso-DoMINGUEZ 
(1961) and may provide for the elimination of the tech- 
nique artifacts in radular preparation caused by methods 
using alkalies. 


This work was made possible by Sea Grant #R/CZ-28. 
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BOOKS, PERIODICALS, PAMPHLETS 


Bathyal Gastropods of the Family Turridae 


with a Review of Some Deep-Water Genera 
in the early Oligocene Keasey Formation in Oregon, 
in the Paleogene of the Eastern Pacific 


by Carore S. Hickman. Bulletins of American Paleonto- 
logy, vol. 70, no. 292: 1 - 119; 7 plts.; 17 text figs. 27 May, 
1976. U. S. $5.-, Paleontological Research Institute, 
Ithaca, N. ¥ 14850 


Into some 30 pages of introductory and concluding text, 
Dr. Hickman has packed a wealth of information on 
stratigraphy, bathymetric distribution, and classification. 
Turrids comprise more than half of early Tertiary bathyal 
neogastropods. Their abundance, both in numbers of in- 
dividuals and numbers of species, gives them potential 
utility in biostratigraphic analysis. This paper supplies the 
needed background information on how to interpret mor- 
phologic variation and what shell characters prove trust- 
worthy in making fine subdivisions. Dr. Hickman shows 
that these gastropods are not only good indicators of a 
deep-water environment but also that they can provide 
bases for both interprovincial and interregional correla- 
tion. She proposes three new genera, one new subgenus, 
and 13 new species, and has designated lectotypes for 5 
species described by C. E. Weaver. 

This work has application not only in West American 
paleontology but also in contiguous areas and in Recent 
studies. Five generic names here applied for the first 
time to northeastern Pacific taxa point up relationship of 
the Paleogene fauna to faunas of Japan, Europe, the 
Caribbean, and the Australo-Neozelandic regions. No one 
who works with turrids in these areas should overlook 
this study. 

A. Myra Keen 


Brazilian Marine Mollusk Iconography 


by E. C. Rios. Fundacgao Universidade do Rio Grande 
Centro de Ciéncias do Mar Museu OceanogrAfico: Rio 
Grande do Sul, Brazil, December, 1975. Pp. 322; 91 plts. 
[Price not stated.] 


This is a companion work to the “Coastal Brazilian Shells” 
published by Professor Rios in 1970. Besides up-dating 
previous information, this work adds in the Opisthobran- 


chia, Cephalopoda, some deep-water and microscopic 
forms, and supplies keys to many of the genera and 
families. Illustrations are given for 1240 of the 1328 
species cited. These are, insofar as possible, of material 
in the museum’s collection, and some show the living 
animal. A compact format is adopted, listing the species 
in conventional systematic order, each in a numbered 
paragraph, citing name, authority and date, geographic 
range, collecting records in Brazil, habitat, brief synony- 
my, and dimensions. There is a 28-page bibliography and 
an index that takes another 28 pages. The halftone illus- 
trations seem adequate for identification purposes. The 
book is one to be heartily recommended to anyone work- 
ing with mollusks from the eastern South American coast, 
and Professor Rios is to be congratulated on having put 
together so useful an iconography. 

A. Myra Keen 


Murex Shells of the World: 
An Illustrated Guide to the Muricidae 


by Georce E. Rapwin « AnTHoNy D’Artiuio. Stanford 
University Press, Stanford, California. 284 pp.; 32 col. 
plts.; 192 text figs. $35.00. 16 December, 1976 


Muricidae being among the most showy of all mollus- 
can Shells, it is rather surprising that collectors have had 
to wait so long for a book that would list and figure a 
substantial number of them, which this book does well. 
On the 32 color plates and in the black-and-white figures, 
over 450 species are illustrated. Large-scale drawings of 
sculptural details, of radula teeth, and other special fea- 
tures such as apical whorls add a dimension missing in 
most books. 

In the 18 pages of introduction the authors briefly dis- 
cuss Classification of the family; significant anatomical 
structures, especially as related to behavior and habitat; 
the units into which the family is divided for convenience 
of study (subfamily and generic classification) ; and, in 
alphabetical order, the species assigned to each unit or 
taxon. 

The review of species follows a standard sequence of 
Parts in the text — general definitions, then under each 
subfamily the generic units in alphabetical order, with a 
few paragraphs on each species, again in a standard 
order: name, brief synonymy; shell features, with occa- 
sionally some notes on related forms (more of these would 
be useful to the reader); geographic distribution; and 
reference to color figures. 

In their introduction the authors explain that they pre- 
fer to lump at the specific level and split at the generic 
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level. Thus, they recognize no subspecies or subgenera, 
synonymizing the former and elevating most of the latter 
to generic rank (a few subgenera disappear into synony- 
my entirely), The resulting array of units may startle the 
novice users of the book, especially students who previously 
had as guides only the conservative terminology of earlier 
workers. The rationale for this “practical solution” may 
escape such users, and, indeed, one would wish that there 
were more comments on synonymies, particularly on those 
on which even the specialists disagree or those being made 
here for the first time. 

Because of their bias in favor of the radula as guide 
in classification, the authors make some surprising re- 
allocations. For example, the West American Trophoni- 
nae are broken apart, the tropical groups of Acantho- 
trophon and Nipponotrophon going to Muricinae, and the 
group of Austrotrophon and allies to Thaididae (a family 
not considered in this work). Trophoninae, which reach 
their climax in deep water and the Southern Hemisphere, 
are here mostly summarized by named generic units only, 
with citation of type species. Three species of tropical 
West American presumed trophons -- Boreotrophon 
panamensis Dall, 1902, and Trophon diaz and T. loren- 
zoensis Durham, 1942 -- are omitted from mention, 
perhaps because they occur only in deep water. 

Sixteen species are described as new in an appendix. 
Three species that could not confidently be assigned to a 
subfamily are discussed and figured, and 38 are merely 
listed by name because of lack of sufficient documenta- 
tion. [Ironically while this book was in press, a name- 
change was published that affects one type species: BuL- 
Lock (Tulane Univ. Studies in Geology, vol. 12, p. 133, 
Sept. 1976) shows that an earlier name for the type of 
Attiliosa is Peristernia nodulosa A. Adams, 1855.] 

A glossary, with illustrated terminology, a list of sources 
for the figures, a bibliography, and an index complete 
the work. The book is assembled with the care for which 
Stanford Press has become noted, and it forms a worthy 
setting for the elegant drawings of Anthony D’Attilio, 
who combines his ability as artist with his interest in 
shells to our advantage. David Mulliner’s skill as photo- 
grapher comes through well in the color plates. The book 
is, then, one that can be displayed with pride. 

A. Myra Keen 


Folia Historico-Naturalia Musei Matraensis 


published by the Matra Muzeum, Gyéngyés, northern 
Hungary. 

Volumes 1, 2, and 3 of this journal form a recent addition 
of malacological interest to the library of the California 
Academy of Sciences. 
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An introduction to the first volume announces the be- 
ginning of this new journal and indicates its objectives: 
the journal will deal with the natural history of the North 
Hungarian foothills; it will be provisionally semiannual. 
Individual articles of probable international interest will 
be published not only in Hungarian, but also in foreign 
languages; moreover, the title-page of each article will 
contain a summary in English. 

The projected publication schedule has evidently been 
modified to be more or less annual with volume 1 ap- 
pearing in 1972 and volumes 2 and 3 in 1974 and 1975, 
respectively. Produced by photo-offset printing from type- 
written copy, the journal is illustrated by line drawings 
and volume 3 includes 8 pages of half-tone plates. Volume 
1 contains an introduction and 5 articles, 3 of which deal 
with Hungarian mollusks, including the description of a 
new species. Volume 2 contains 10 articles, 3 of which 
deal with Mollusca, including an annotated catalog of 
Recent Hungarian Mollusca, an anatomical study of 3 
helicid snails and the description of a new cyclophorid 
land snail from North Vietnam. Volume 3 contains 13 
articles, 3 of which deal with Mollusca. 

Other articles are concerned wtih entomology, orni- 
thology, mammalogy, evolution, and anthropology. So far, 
all articles have been published in Hungarian with a brief 
English abstract and a German summary. 

Inquiries regarding the availability of this journal 
should be addressed to: Dr. Nagy Gyula, Director, Matra 
Muzeum, H -3201 Gyéngyés, P O. Box 103, Hungary. 

M. G. Kellogg 


Biology of Opisthobranch Molluscs 


Volume 1 


by T. E. THompson. 207 pp.; 8 color plates; 12 half-tone 
plates; 106 text figures (of which many are multiple fig- 
ures). The Ray Society, London. £15.00. Obtainable 
from: Publications (Sales), British Museum (Natural 
History), Cromwell Road, London SW7 5BD. 1976 


A magnificent book, a scholarly work of the highest 
order, beautifully printed -- these are but a few of the 
impressions one receives when first scanning through this 
volume. A closer perusal confirms and re-inforces these 
impressions. But on learning that better than 20 years of 
research have gone into the prepartion, one realizes that 
an outstanding authority in this particular field has de- 
voted practically a life-time of effort, skill and knowledge 
to the creation of this book. Those who are familiar with 
the rich literature on the opisthobranchs know the name 
of Professor Thompson as the author of a large number of 
contributions to the accumulated wealth of knowledge on 
this interesting group of Mollusca. 
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The subclass of the Opisthobranchia is represented by 
several thousand species; this work, of necessity, is limited 
to the British representatives of the orders Bullomorpha, 
Aplysiomorpha, Pleurobranchomorpha, Acochlidiacea, 
and Sacoglossa. A second volume will be devoted to the 
largest order, the Nudibranchia. 

The work is presented in 15 sections or chapters, pre- 
ceded by a foreword and an introduction. A list of refer- 
ences (taking up 10 pages - the size of the book is 20cm by 
29cm) and a systematic index of 6 pages complete the 
volume. 

The titles of the first 8 chapters indicate the scope 
and thoroughness of the coverage: Classification and 
Affinities; Locomotion; Food and Feeding; Defence; Re- 
productive Organs; Development; Larval Biology; and 
Life Cycles. These general chapters are then followed by 
a list of British species of opisthobranchs (excluding, 
however, the Pyramidellomorpha, Gymnosomata, Theco- 
somata and the nudibranchs). This is followed by a syn- 
opsis of the characters of the orders and the next five 
chapters deal with the British species of the orders listed 
earlier in this review. 

In these latter chapters, the organization used is: key to 
the British genera of the order, discussion of the species 
with attention to: anatomy, habits, diet, and distribution, 
Principal synonyms are also given, of course. 

In addition to the excellent textual presentation, well 
chosen and beautifully executed drawings illustrate im- 
portant aspects of the discussion. The highly informative 
color photographs are, however, not limited to British 
examples. 

If the reader has gained the impression that we think 
that this work will be highly useful to the student of 
opisthobranchs, no matter in what part of the world, he 
would be absolutely correct. There is only one drawback: 
the second volume is not yet available! 

R. Stohler 


British Opisthobranch Molluscs 


Synopses of the British Fauna (New Series), No. 8 


by T. E. THompson & Grecory H. Brown. The Linnean 
Society of London. Academic Press, London, New York, 
San Francisco. 203 pp.; 1 color plate; 105 text figures. 
£ 3.50. September 1976. 


This paper-back pocket-book sized work is beautifully 
put together. Both, text and illustrations are of the highest 
caliber. Both authors are professional zoologists and both 
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do much of their studying of the opisthobranchs with the 
use of diving gear. 

Chapter headings provide a good idea of the organiza- 
tion of the book: Introduction; General Structure; Biolo- 
gy; Collection and Preservation; Classification; Key to the 
Families of British Opisthobranchia; Systematic Part; 
Acknowledgments; References; Index of Species. 

Of these chapters, the one on collection and preserva- 
tion will be found useful to students of opisthobranchs no 
matter where they may be; the chapter on classification 
is of special value to students of the British molluscan 
fauna. But we think that the various keys provided will be 
very useful to all workers studying opisthobranchs, even 
though the subjects of these keys are selected only from 
British waters: the keys can guide one to the correct fam- 
ily and in many cases to the correct genus of specimens 
observed or collected elswhere, a boon to those who work 
in areas that have been less thoroughly explored and for 
which as yet no faunal lists and no keys have been 
prepared. 

R. Stohler 


A Catalogue of Collations 
of Works of Malacological Importance 


by Grorce E. Rapwin & Eucene V. Coan. Occasional 
Paper 2, The Western Society of Malacologists. 34 pp. 
$2.50 (incl. postage and handling). Obtainable from Mr. 
Merton J. Goldsmith, 1622 No. 20" Street, Phoenix, Ari- 
zona 85006 17 August 1976 


In view of the importance of priority in zoological 
nomenclature, accurate dating of taxonomic work is of 
the highest priority. While many works and many journals 
have been the subjects of painstaking collations, these 
collations are widely scattered through the literature and 
many are difficult to locate. In order to order to draw 
together as much of the information as possible, the 
authors have assembled the list published in this paper. 

The references are arranged alphabetically according 
to the author of the original work collated, or the title 
of the work itself if the authorship is not clear-cut. Some 
papers about the circumstances of publication and con- 
tents of important works are listed as well as papers con- 
taining collations. 

It is very obvious that the authors have rendered a 
service the value of which can only properly be appre- 
ciated by taxonomists with frustrating experiences in 
trying to establish the exact date for a given taxon. 

R. Stohler 
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Invertebrates of Southern California Coastal Waters 


I. Natantia 


edited by Jack Q. Worn and Danuta K. CHarwat. 
Southern California Coastal Water Research Project, 
1500 East Imperial Highway, El Segundo, California. 
238 pp.; loose leaf, numerous illustrations; assembled in 
3-ring binder. Price: not indicated. May 1976. 


In our April issue, on page 423, we reviewed the 
first part of this continuing series. Although this second 
portion does not include any mollusks, we can best do 
justice by referring the reader to what we had to say 
about the organisation and quality of the earlier part since 
all statements there apply, mutatis mutandur, to the pres- 
ent volume. The Natantia or swimming crustaceans may, 
in some possibly rare instances, be of interest to the field 
malacologist as it is possible that some species may prey 
on mollusks, while others may occur in some form or 
other of a commensalistic relationship. As the previous 
work, so this one will be of great use to the ecologist and 
environmentalist. 

R. Stohler 


Marine Fishes of New Zealand 


by Eric Heatu « JouN M. Moretanp. 56 pp.; 100 col- 
ored figures, designated as plates (there are several such 
“plates” per page, mostly 4, some with 5 and others with 
6). A. H. & A. W. Reed, Wellington, Sydney and London. 
Third reprint edition: 1973. $6.50. Imported for sale in 
the United States by Charles E. Tuttle Company, Rut- 
land, Vermont. 


This book is intended for the fisherman and the casual 
visitor to the shores of New Zealand. The illustrations 
are apparently well executed. The text is kept in simple 
language. No doubt, this book might be a welcome addi- 
tion to some of the larger “coffee-table” volumes. 

R. Stohler 
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We present an index to the paper by 
Crawford N. Cate 
entitled ''A Review of the Eratoidae"'! 


It was impossible to prepare the index 

in time to include it with the paper itself 
without delaying the publication of the 
issue for several weeks beyond the normal 
publication date. 
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A 
PALE OTE Sect asisevmsscosinsquanisstosceiseasse tenis 341 
PANCEN BLO |< siccatticcasrcarsecnctasmsseatiiacantinunases 354 
amamioshima 352F, 355 
angulifera 352F, 354F, 355 
bisinventa 352F, 355 
gallinacea 352F, 354 
albescens, Erato 362F, 363, 364 
amamioshima, Alaerato rrmnmn 352F, 355 
angiostoma, Erato 343, 344 
angistoma, Proterato anus 342F, 344 


angistoma schneidert, Proterato 344, 344! 
anglica, Marginella 
angulifera, Alaerato 
angulifera, Erato 


ANZVOSOMC EI TALO) | ornaments: 344 
PAT CIICTALO) |, ccatcnenenanntese tions 341 
LOTLONIA WITLI) | Memtcamtcmnntnce ose: 359 
B 
barrandei, Eratopsis 
bimaculata, Erato 
bimaculata, Proterato __..... 349, 350F, 352 
bisinventa, Alaerato  ——resnnsssuinin 352F, 355 
bisinventa, Lachryma rvs 354, 355 
Bulla 
diaphana 
Cc 
callosa, Erato itureonescid | CFE SFL 
callosa, Proterato rerun 347, 348, 348F 
Capensis, ProteratO reves 350, 351 
capensis, Proterato sulcifera _..... 350, 351! 
Golumbella creer 
columbella, Erato ess 


columbella, Hespererato 
nomena CO, oh, Ghee 


CONNULALGWET ALON) Mime aense eee 351 
corrugata, Proterato —.. 349, 350, 350F 
COTTUgALUM, OVULUT —recsssessssesisssssnrnieone 349 
Cypraea 

voluta 

ovuliformis 

ovuliformis syn. rotula ree 356, 357 
@ypracaceayy  eiisnccatiussancisas nine 366 
(Cypraeerato) 352 


bimaculata, Proterato 349, 350F, 352 
gemma, Proterato 349, 350F, 352F, 353 


gemma pygmaea, Proterato 353, 3536 
pygmaed, Proterato ——reeminsnnn 353, 354 
SGHITETL ETAT Gt Ons sere erate ere 344 
@ypracidaeys |); | jstscicistlntacontcecccsconeumni 343 
CY PTACOIL ES VET ALO) mag emrcncmnaeas 357, 358 
cypracoides, Marginella ——rrrnnmssnnrennnnnn 356 
cypracola, Voluta reruns 356, 356 
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bestaetecaez mas 342F, 343 
sirahateeeet ae 356 
ciinicmmmnment CHOC aNS), ash 
me Cy Bef, elatsy! 


denticulata, Erato 
diaphana, Bulla 
donovani, Erato 
donovani, Erato voluta 


donovani, Marginella annem 354F, 358 
E 
edentula, Voluta LB aenncsenaasrntet seen OOO. 
ET QCOW I ee Ee cca a ue 341, 342, 356 
(Erato) rere citer le 3) 
albescens mnmosommnnn Cee, Cee, lee? 
angiostoma 
angulifera 
angyostoma 344 
Bimaculataie enw acr cen ane ta 352 
callosa 
columbella 
corrugata 
Ch OT ACOLC CS ammeter tent et 357, 358 
denticulata 343 
donovani 357-359, 358F 
fascia 343 
gemma 353 
(GIOT BOIL ON SO cetemrsctereecre pee recite een 364 
guttata 343, 347 
guttula .. 343, 347 
lachryma 343, 344 
illota “ots ertrenetrirce ieee rrear cota reentry Ysa) 
lacryma Manaiacenene OLS 
UBBE EG) a ars 345, 356, 358 
[gevissvaDaminoraes coe 358, 3596 
laeciswwarnoblongay vcs: 357 
ledicoyp ae caemaee ee 358F, 361 
marginata Aiieammneaty OO 
maugeriae cea 


maugeriae var. panamensis .. 358F, 361), 


minuta 

MANGE ire ene eee 349, 351, 353 
NEOZEIGNICA me ye eee, eee, 343 
Oligocostata maaan 4 . 359 
clipostata meee 354F, 359, 360! 
OLLUAT IAT) wag tumer anders te re Oot a: 345 
Pellucidamee cit 342F, 344 
prayensis . 345, 349, 354F, 360 
TEGONAIL GaN, sa teeter te ciscoma tates 348 
recondita var. haplochila _..... 348, 348F 
sandwicensis sain, ie 
sandwichensis 

scabriuscula 

schmeltziana 

schneideri We atoeowiema ran ks lullS Uae Gade 
Sil cuperany oy tee mere 350, 351, 353 
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transiens gallica Lee ODT OOS 


EPRETANSIENS aerate on rele 357f, 358! 
Uitellinaiy ie momen 5 eae 360, 363 
v. voluta moms C8, BIOS Bleksh) Biafe) 
voluta donovani vrenenn 357, 358, 358! 

(Exatoena) ger sen eee 349 
COMIC Ce ee 349, 350, 350F 
CEE Eh oA SO eS 349, 350, 350F 
schmeltziana eee re 350F, 351 
CTiithie es aes 350F, 351, 352 
sulcifera capensis Hn CAO, Bia l 
S> SOUCHGRE tants 

Eratoidae 

Eratoinae 

Eratoini 

(Eratopsis) 
barrandet 
oligostata 
prayensis 


fascia, Erato amine 
fustformis, Voluta Fee lca neta a eee 


356 

G 
galapagensis, Hespererato  358F, 360F, 363 
gallica, Erato transiens recess 357f, 358 


gallinacea, Alaerato 
gallinaceum, Ovulum 
gemma, Erato 
gemma, Proterato 


Gennes CP eos 
349, 350F, 352F, 353 


gemma pygmaea, Proterato __..... 353, 353! 
geralia, Proterato .. 348, 348F, 349, 352 
granum, Erato nee BO4 
granum, Hespererato 364, 364F 


granum, Marginella _...... 
guttata, Erato 
guttula, Erato 


Hisainaten GLO SOLD 


H 
haplochila, Erato recondita 348, 348F 
hematita, Marginella —ecicusnmun 354F, 358 
Hespereratoy te Soa 360 
columbella 354F, 356F, 358F, 361, 362 
galapagensis —rrsmeenmun 358F, 360F, 363 
galapagensis, H. marginata eet 363 
BVGNUMI | eset ties cine 364, 364F 
martinicensis .. 354F, 361, 361! 
maugeriae mis .. 354F, 361, 362 
PT LALIS, cee he reer ter 362 
scabriuscula 350, 362F, 364, 364F, 365 
septentrionalis |) \pessnesee cee 364F, 365 
Osbelltza eee a 342, 360F, 362F, 363 


Page 366b 


I 
AL OLG SE TALON = re mtnnccscctrccnsince miners. 343 
L 
Lachryma, Erato -snmsssnnrosnneuse 343, 344 
lachryma, Proterato mieten ee 2F, 343 
SLC URTE neem 349, 354 
DESINVENEA —srsnsrssssnnvers 354, 355 
(TE, carrreteecoeteer 346 
trifasciata .. 343 
lacrima Erato: 2 escnnsntecocetemnnnren 343 
laevis Tato (gece 357, 358 
laevis var. minor, Erato 358, 3596 
laevis var. oblonga, Erato asvesisnisunannn 357 
lacois: Woluta )  onctnnetrc enccamemenr in 356 
lepida, Proterato 345, 346F 
leucophaea, Erato on Cees, Bal 
M 
TAT EIN ALA ET ALON ir ferences racy 362 
(marginata) galapagensis, Hespererato 363 
Marginella 343, 364 
cypracoides suivante, GOO 
donovani en O04. 358 
granum 341, 364, 364F 
Rematiiae eke eee 354F, 358 
Marginellidae 341, 342 
martinicensis, Hespererato 354, 361, 361! 
MAU RETIGE VET AL OMe ernie ee 361 
maugeriae var. panamensis, Erato ernmuusun 
Fe ee re 358F, 361, 362 
maugeriae, Hespererato ... 354F, 361, 362 
minor, Erato laevis Var. essmesans 358, 3598 
MINULQNE TALON) He 354 
N 
ONCE ALO ern 349, 351, 353 
nana, Proterato . 349, 350, 350F 
MEOZELANICOMET ALO) a eee 343 
O 
oblonga, Erato laevis var. wieemeieny SOM 


oligocostata, Erato 
oligostata, Erato 
oligostata, Eratopsis 
olivaria, Erato 
olivaria, Proterato xs 
Ovulidaes 2 ss area wees oarconemencns 
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OvUliformis, Cy Praca —srinnssununsinnnsine 358 
ovuliformis syn. rotula, Cypraea 356, 357 
Ovulum corrugatum . 349 
Ballin GCCUrD I, Manner suman tues 354 
P 
panamensis, Erato maugeriae Var. esrasnnnn 
hie ok 358F, 361, 362 
panamensis, Hespererato ——rnsruninnnennn 362 
pellucida, Erato rsmsnneninnnie 342F, 344 
prayensis, Erato wun 345, 349, 354F, 360 
Proterato’ | Geena ee 341, 343 
a. angistoma 342F, 344 
angistoma SCRE ETE — erreurs 344, 344f 
bimaculat cnr 349, 350F, 352 
callosa .. 347, 348, 348F 
COPETNSIS| Weer ten tciarescarteeaneeaets 350, 351 
GOTTULALA 349, 350, 350F 
gemma gemma 349, 350F, 352F, 353 
BZEMMA PYZMACA —rrsrsnnsrsnsnresnin 353, 353! 
(TARA ceatrcreeerec 348, 348F, 349, 352 
lachryma® one en eee 342F, 343 
léfida® ° © .ccsceihash adver enene 345, 346F 
nana oe 349, 350, 350F 
OltVaTIA, We Sask ea 344F, 345 
JOLIE ee 346, 346F 
pygmaea ... 353, 354 
Tecondita — am 348, 348F 
sandwichensis ——. 346, 346F 
SCHIMELZIQNC a 350F, 351 
SNL Hiei eee é 350F, 351, 352 
StQlABMIA) 3 Ate wthnreteneni 346F, 347 
SUICIPETA CAPENSIS —essnensensnsen 350, 351! 
5. sulcifera 
sulcifera SMIthi —srinsnsnuneen 350F, 351, 352 
toring.) emerson aes 344F, 345 
pura, Lachryma 
pura, Proterato 
PYTMAEA, PrOterAtO —ersmrsrnerisrnniee 353, 354 
pygmaea, Proterato gemma __..... 353, 353! 
R 
recondita, Erato Sr lanes tars 40] 
TECONAILA, PrOteTAtO —resssssssstnnsvr - 348, 348F 
recondita var. haplochila, Erato 348, 348F 
rotula, Cypraea ovuliformis syn. 356, 357 
s 
sandwicensis, Erato a aS ee 346, 353 
sandwichensis, Erato. recesses . 346, 353 
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sandwichensis, Proterato resus 346, 346F 
Scabriuscula, Erato |) ene enone 364 
scabriuscula, Hespererato 350, 362F, 364 

“iceoasbcta ivustiiitbannpouaat eeorearis 364F, 365 


schmeltziana, Erato 
schmeltziana, Proterato 


schmeidert, ETQto) | | enences 
schneideri, Proterato angistoma 344, 344F 
septentrionalis, Hespererato _..... 364F, 365 
Smithi, Proterato ——revssnannen 350F, 351, 352 
smitht, Proterato sulcifera 350F, 351, 352 
stalagmia, Proterato ——rusnessinnn 346F, 347 
(SulCGeETato) iy eee ene saniice, ee 343 
ANGISCOMA ANGISCOMA —einenernn 342F, 344 
ANgiStOMG SCANETETE —crtsnnnsnene 344, 344! 
Callosa, |) se ee 347, 348, 348F 
geraliay! pee eee 348, 348F, 349, 352 
lachrym@) soe 342F, 343 
lepida 
olivaria 
pura 
recondita 
SANGWIGLRENSIS ene 346, 346F 
stalagmiay | ices ee 346F, 347 
tomlini 
selctfera ET ato see 350, 351, 353 
sulcifera capensis, Proterato 350, 351! 
sulcifera sulcifera, Proterato 350, 350F 


350F, 351, 352 


sulcifera smithi, Proterato 


T 
tomlini, Sulcerato ——rsrmnssnssnssneniess 344F, 345 
t. transtens, Erato. 9 cncnunsnee 3578, 3588 
transiens gallica, Erato. recemnnn 3576, 358 
trifasciata, Lachryma 
Trivia GLOMATIA veasseennsmee nee 
WTriviaceas. isn 
Wriviidae? oe bsc22 5, ccccnaine ce ee ee 341 
Vv 

uiteliina, Erato alee 360, 363 
vitellina, Hespererato 342, 360F, 362F, 363 
UOlutasy Gy praca 0 reescet mene 356, 358 
voluta donovani, Erato _..... 357, 358, 3588 
v. voluta, Erato cess 356, 357f, 358, 359 
Voluta® o- ~ ecco eee eee . 341, 358 

cypraeola 

edentula 

fustformis i enero trees omen 356 

laevis sees ccascanta tae te a ere ec 356 
Voluariga iy. is cite tee cctrasic en aerate 341 


A superior F after a number (000F) indicates that the taxon is 
listed in the plate explanation, while a superior f (000!) refers to 
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THE VELIGER is open to original papers pertaining to any problem 
concerned with mollusks. 

This is meant io make facilities available for publication of original 
articles from a wide field of endeavor. Papers dealing with anatomical, 
cytological, distributional, ecological, histological, morphological, phys- 
iological, taxonomic, etc., aspects of marine, freshwater or terrestrial 
mollusks from any region, will be considered. Even topics only indi- 
rectly concerned with mollusks may be acceptable. In the unlikely event 
that space considerations make limitations necessary, papers dealing 
with mollusks from the Pacific region will be given priority. However, 
in this case the term “Pacific region” is to be most liberally interpreted. 

It is the editorial policy to preserve the individualistic writing style of 
the author; therefore any editorial changes in a manuscript will be sub- 
mitted to the author for his approval, before going to press. 

Short articles containing descriptions of new species or lesser taxa will 
be given preferential treatment in the speed of publication provided 
that arrangements have been made by the author for depositing the 
holotype with a recognized public Museum. Museum numbers of the 
type specimens must be included in the manuscript. Type localities 
must be defined as accurately as possible, with geographical longitudes 
and latitudes added. 

Short original papers, not exceeding 500 words, will be published in 
the column “NOTES & NEWS"; in this column will also appear notices 
of meetings of the American Malacological Union, as well as news items 
which are deemed of interest to our subscribers in general. Articles on 
“METHODS & TECHNIQUES” will be considered for publication in 
another column, provided that the information is complete and tech- 
niques and methods are capable of duplication by anyone carefully fol- 
lowing the description given. Such articles should be mainly original 
and deal with collecting, preparing, maintaining, studying, photo- 
graphing, etc., of mollusks or other invertebrates. A third column, en- 
titled “INFORMATION DESK,” will contain articles dealing with any 
problem pertaining to collecting, identifying, etc., in short, problems 
encountered by our readers. In contrast to other contributions, articles 
in this column do not necessarily contain new and original materials. 
Questions to the editor, which can be answered in this column, are in- 
vited. The column “BOOKS, PERIODICALS, PAMPHLETS” will 
attempt to bring reviews of new publications to the attention of our 
readers. Also, new timely articles may be listed by title only, if this is 
deemed expedient. 

Manuscripts should be typed in final form on a high grade white 
paper, 812” by 11”, double spaced and accompanied by a carbon copy. 

A pamphlet with detailed suggestions for preparing manuscripts 
intended for publication in THE VELIGER is available to authors 
upon request. A self-addressed envelope, sufficiently large to accom- 
modate the pamphlet (which measures 51/2” by 81/2’””), with double first 
class postage, should be sent with the request to the Editor. 
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